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(1) INTRODUCTION

In the United States, approximately 1.5 million women undergo breast biopsy annually (1).
Breast cancer diagnosis is a time of considerable uncertainty, anxiety, and emotional distress (2,
3). This emotional experience often begins with the discovery of clinical findings that indicate
the need for biopsy of the breast. Women awaiting breast biopsy report higher levels of stress
compared to patients awaiting general surgery (4). Reciprocal neuro-chemical pathways and
shared receptor systems connect the nervous, endocrine, and immune systems (5, 6). This
intricate communication network provides the link whereby perceived environmental stressors
may effect the immune system and influence the course of disease (7). A large body of evidence
has documented the impact of psychosocial stress on the human immune response (8). Several
studies have examined the relationship between stress and natural killer cell activity (NKCA) and
these studies have shown that stress can influence NKCA (9). Andersen et al. (10) studied the
stress-immune response of women within four months of their breast cancer surgery but prior to
adjuvant therapy initiation. The results of that study indicated that higher stress levels were
predictive of lower NKCA, diminished natural killer (NK) cell response to interferon (IFN)
gamma, and decreased lymphocyte proliferation (10). It is possible that stress may influence
cancer control. Although a direct relationship between NKCA and cancer has not been
equivocally established, patients with a variety of solid tumors (e.g., breast, cervix, endometrium,
ovary, lung) do exhibit reduced NKCA (11). The effects of stress upon the immune system
extend not just to NK cells but also to the production of cytokines. Heightened levels of stress
are related to decreased synthesis of IFN y (12) and a poorer NK response to IFN y and
interleukin-2 (IL-2) has been observed in stressed individuals compared to non-stressed
individuals (13). Others have reported that posttraumatic stress disorder (14) and academic exam
stress (15) also lead to cytokine dysregulation. Cytokine dysregulation in response to stress is
believed to be triggered by an increase in adrenal cortisol secretion and a decrease in adrenal
dehydroepiandrosterone sulfate (DHEAS) secretion (16). This shift in steroid hormone profile
alters Th1/Th2 cytokine balance, leading to decreased production of IFN gamma (a Thl
cytokine) and enhanced production of IL-4 (a Th2 cytokine) (17). Such a change in cytokine
balance can depress NK cell function (18). The purpose of this study is to investigate
psychological stress and its’ potential impact on the immune response (NKCA and cytokine
balance) of women before and after breast biopsy. The design of this study allows the exploration
of the biological links between stress and immune function at an early point in a woman’s
encounter with cancer.

(2) BODY

Methods - All women over 18 years of age, who seek consultation at the Breast Care Center of
Loyola University's Cancer Center and who subsequently receive a breast biopsy (excluding fine
needle aspirates) were eligible subjects. Exclusionary criteria include: pregnancy, prior (within 5
years) or current history of cancer, recent history of major psychiatric disorder or concurrent major
immune-based disease, and active substance abuse. Women were studied at the following four time
points:

T - Initial consultation at the Breast Care Center
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*T> - Day of biopsy, prior to the actual biopsy
+T3 - At return clinic visit, 10-14 days after notification of biopsy results
*T4 - 1-2 months after Ts.

At each time period volunteers completed informed consent documents, had their blood drawn, and
completed the psychological measures and a health history questionnaire.

Psychological Measures: Psychological stress was defined as appraisal and perception of an
environmental event (i.e., breast biopsy and a possible cancer diagnosis) that is viewed as
threatening an individual’s sense of well-being. Stress perception leads to psycho-biological
responses which are measurable.. The psychological measures included a visual analogue scale
(VAS) for global stress and for biopsy-related stress, Cohen's Perceived Stressor Scale (PSS),
Speilberger's State Trait Anxiety Inventory (STAI), and the Profile of Mood States (POMS).

Laboratory Measures: Serum was stored for the analysis of the stress hormones, cortisol and
dehydroepiandrosterone/sulfate (DHEA/DHEAS), by radioimmunoassay (Diagnostic Products
Corp., Los Angeles, CA). Peripheral blood mononuclear cells (PBMC) were derived 1rnmed1ate1y
by Ficoll/Hypaque separation. These isolated PBMC's were assessed for NKCA against [ Cr]
labeled K562 tumor targets as described previously (20). Cytokine production was measured by
stimulation of peripheral blood mononuclear cells in bulk culture. Culture supernatants were
collected after 48 hrs and cytokines were measured using standard ELISA kits (R & D Systems,
Minneapolis, MN).

Statement of Work To Date.

Task 1. Determine the psycho-endocrine and NK cell response of women to the experience of
breast biopsy for cancer diagnosis (months 1-36). Twenty-two women have been enrolled in this
study over the past year. The total number of women enrolled in this study to date is 130. Ofthe
total women enrolled in this study, 16 women did not have a biopsy performed. This was often a
clinical decision occurring on the day of biopsy prior to the actual procedure. Four women
withdrew from the study. Of the 114 women undergoing breast biopsy, 84 had benign biopsy
results (72.8%), while 30 women were diagnosed with malignancy (26.3%). The racial/ethnic
distribution is as follow: White (N=107), African American (N=13), Hispanic (N=4), Asian (N=2),
and Other/Unknown (N=4). The ages of subjects ranged from 18 to 85 years of age. The
mean+SEM age of all subjects was 52.8+1.3 years (benign 50.4+1.4; malignant 60.3:+2.3). Not all
women were able to complete all four data collection periods; hence, the subject number varies per
data collection time period. Also, some women chose not to complete some instruments. Forty six
non-biopsied age-matched control women were assessed to establish psychological norms, but
immune measures were done on only a subset of the control women. In order to provide the best
indication of the results to date, the data that is reported herein is reported for the total number of
women enrolled at this time. The psycho-endocrine stress profile and NK cell activity of each
subject pre and post breast biopsy was measured. Each individual was administered
psychological instruments, had blood drawn and peripheral blood mononuclear cells isolated for
measure NK cell activity and plasma adrenocortical stress hormones (cortisol, DHEAS). Not all
endocrine and cytokine assays have been completed on frozen serum samples. Relevant
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demographic, medical history, and disease characteristics from medical records were abstracted
and contact with subjects was maintained per telephone to ensure subject retention, and quality
control of laboratory and psychological data collection has been accomplished. This study has
been granted a no-cost extension to complete subject recruitment and final data analysis.

Task 2. 1dentify the importance of the Th1/Th2 cytokine profile to the psycho-endocrine-NK cell
response of women undergoing breast biopsy for cancer diagnosis (month 1-36). For each of the
blood samples from the above subject, cytokine production was measured pre and post biopsy.

Task 3. Understand differences in the psycho-endocrine-immune profile of women with benign
versus malignant breast biopsy findings (months 24-36). Cytokine variables are presented for the
all women and the stratification of this data into benign and malignant groups.

Task 4. Analysis and Manuscript Preparation is underway (months 24-36) one article has been
published, one chapter has been published, and one article has been submitted.

Summary of Results

This study investigated psychological indices of stress and immunological parameters hypothesized
to be affected by stress. Results for all figures are reported in the same general manner and all
Figures are located in the Appendix. The mean psychological and immunological results are
indicated for pre biopsy time points (T1 and T2) and post biopsy time points (T3 and T4). The time
frame for these measures is defined above in Methods. At each time point, results are presented for
all women who underwent biopsy as well as for subgroups of these same women who ultimately
had either benign or malignant findings. The biopsy groups are the following: All: All women
undergoing biopsy no matter what the biopsy findings; Benign: women with benign biopsy
findings, and Malignant: women with malignant biopsy findings. For each time point (T1-T4)
comparisons were made within the biopsy groups. In addition, between group comparisons were
made to compare each biopsy group to a group of non-biopsied control women.

Psychological Assessments: Figure 1 illustrates results for perceived stress (PSS) for women at
pre biopsy (T1 and T2) and at post biopsy (T3 and T4), as well as perceived stress for control (non-
biopsied) women. The results indicate that the period of biopsy was a time of reported perceived
stress. All three groups of women at T2 and T3 reported perceived stress that was significantly
greater than that of the non-biopsied control women. In addition, the All and Benign groups at T1
and T4 reported significantly greater perceived stress than control women. For benign women at
T1 a significant increase in perceived stress was observed when compared to the perceived stress
reported by the same group of women at T2 and T4. Of note, the All and Benign groups showed a
numerical reduction in perceived stress post biopsy (T3 and T4), but this reduction was not
significant and the women reported levels of stress similar to pre biopsy. This was not the case for
the malignant group of women.

In Figure 2, results are presented for the VAS (10-cm stress visual analogue scale), which indicates
the current perception of overall stress in a woman’s life. The results show that the two pre biopsy
time points were times of psychological stress for all women. Global stress levels decreased at both
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post biopsy time points in all three groups of women. The reductions in global stress were most
marked for the benign women at T3; while stress in the malignant group was significantly greater
than the benign group at this time. All three groups of women reported statistically significant
elevations in global stress at T2 and for the All and Benign groups at T1, when compared to non-
biopsied, control women. No differences were observed between reported stress by biopsied
women and non-biopsied, control women at T3 or T4. At T1 and T2 the results for all biopsied
women and the women with benign findings were statistically different from the reported results for
T3 and T4. In contrast, T2 results for women who ultimately had malignant findings were only
significantly different at T4.

Similar to the PSS, the POMS total mood disturbance score (POMS TMD) was significantly
elevated for women pre biopsy compared to control, non-biopsied women, Figure 3. Self-reported
total mood disturbance was significantly reduced pre to post biopsy, but the scores remained
significantly elevated when compared to scores reported by control women. Exceptions were the
scores reported at T4 by the women in the Malignant group, which did not differ from those of the
control women. Similar to the PSS and the POMS-TMD were the scores reported for Anxiety.
Anxiety was significantly elevated for women pre biopsy compared to control, non-stressed,
women, Figure 4. Self-reported Anxiety was significantly reduced pre to post biopsy, but the scores
remained significantly elevated when compared to scores reported by control women. Exceptions
were the scores reported at T1 and T4 by the women in the malignant group, which did not differ
from those of the control women. Of note, the scores for the malignant group of women were
significantly higher at T3 than were the scores for women in the benign group.

The POMS is comprised of six subscales that measure Tension, Depression, Anger, Vigor, Fatigue,
and Confusion. Figures 5-10 show changes over time for these mood subscales. In Figure 5
comparisons are presented pre biopsy to post biopsy and to control (non-biopsied) women for the
Tensions subscale of the POMS. The results indicate that the period prior to biopsy was a time of
reported tension. All three groups of women at T2 and the All and the Benign groups at T1
reported tension that was significantly greater than the control women did. This tension was
significantly reduced after biopsy. However, for the All and the Malignant groups at T3 and the All
and Benign groups at T4, the tension was still significantly elevated compared to control women.

In Figure 6 comparisons are presented pre biopsy to post biopsy and to control (non-stressed)
women for the Depression subscale of the POMS. The results indicate that the period prior to
biopsy was a time of reported depression. All three groups of women at T2 and the All and the
Benign groups at T1 reported depression that was significantly greater than the non-stressed control
women. This depression did not return to normal levels after biopsy, with the exception of the
Malignant group at T4. The results of the POMS Anger subscale (POMS-A) indicate that the
period prior to biopsy was a time of reported anger for some of the women (Figure 7). The All and
Benign groups at T1 reported anger that was significantly greater than that of the control women.
Anger returned to control levels after biopsy. Of note, however, the women in the Benign group
showed significantly more anger than did the women in the Malignant group at T4.

As shown in Figure 8, the pre biopsy period was a time of reduced vigor (POMS-V). All three
groups of women at T2 and T3 as well as the All and the Benign groups at T1and T4 reported vigor
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that was significantly less than the control women did. This decreased vigor did not return to
normal levels after biopsy, with the exception of the Malignant group at T4. As for fatigue (POMS-
F), the results are variable but indicate that for some women the period prior to biopsy was a time of
increased fatigue (Figure 9). This was true for the All and Benign groups at T1 and for the All and
Malignant groups at T2. After biopsy no differences in fatigue were noted compared to control
women. Figure 10 illustrates that prior to biopsy women reported confusion (POMS-C). All three
groups of women at T2 and the All and the Benign groups at T1 reported confusion that was
significantly greater than the non-stressed, control women did. Confusion did not return to normal
levels after biopsy for the All group at T3 or for the Malignant grouping at T3.

Immunological Assessments: The NKCA for PBMC (lytic units at 20%) of women pre and post
breast biopsy is illustrated in Figure 11. In comparison to the control women, NKCA was
significantly depressed for both the All and Benign groups for each time period, with the exception
of the Benign grouping at T4. Significant depression in NKCA was only observed after biopsy (T3
and T4) for the Malignant group. Of note, the NKCA for both the All group and the Benign group
were statistically greater than the NKCA for the Malignant group at T4. The NKCA of the Benign
group at T4 was not statistically different from control women. Phenotypic analysis for circulating
NK cells showed no differences between normal control subjects and biopsy patients at any time
point (Figure 12).

Cytokine production by PBMC of women pre and post biopsy was evaluated as well. For IL-2
production, no significant changes were observed for any of the groups at any of the time periods.
See Figure 13. Those results are quite dissimilar to those obtained for IL-6, shown in Figure 14.

For all biopsied groups, at all time points, IL-6 production was significantly greater than the amount
of IL-6 produced by control women. Only in one case, did a statistically significant reduction occur
between time periods and that was for the Benign group of women at T2 in comparison to the same
group at T4. In contrast to those results, the capacity to produce interferon (IFN) gamma was
significantly reduced for the All groups at T2 and T3, and for the Benign grouping at T3, when the
results were compared to control women (Figure 15). At all time points the quantity of produced
IFN gamma was numerically less for the Malignant grouping than for any of the other two groups.
Furthermore, the quantity of IFN gamma produced by the All and Benign groups were significantly
less at T2 and at T3 when compared to the quantity produced at T4. Much like IL-6, increases IL-4
and IL-10 production were observed in the biopsied women compared to the control women. In
comparison to control women, IL-4 production was significantly increased for all groups of
biopsied women at T2 and for the Malignant grouping at T1 and T3 as well as for the All group at
T3 (Figure 16). IL-4 production by all groups of women significantly decreased from T2 to T4, and
by T4, IL-4 production was not different from control women. IL-10 production by the PBMC of
biopsied women was elevated in comparison to control women for all three groups of biopsied
women and for all time periods (Figure 17). No significant reductions in IL-10 were observed
among time periods. No cytokines were detected in the serum of representative control or biopsy
subjects. Data not shown.

Psychological Effects Upon Immune Function: Humans appraise and perceive events in an
individualized manner and hence, the response to a potentially threatening event is also
heterogeneous. In this sample of women, "response" to the experience of breast biopsy was
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categorized as low, moderate, or high. For this analysis the psychological measures employed for
this categorization were the PSS, Anxiety, and the POMS TMD. Categories of response were
determined for each tool by placing the subject's responses at T1 into three categories as follows; a
low response was defined as the bottom 25% of all responses, a moderate response was defined as
the middle 50% of all responses, and a high response was defined as the top 25% of responses. The
values used to define these categories of response were numerically as follows: PSS, low <13.0,
moderate >13.0 - 22.5, high >22.5; Anxiety, low < 30.0, moderate > 30.0 - 54.0, high > 54.0;
POMS TMD, low <8.0, moderate >8.0 - 52.0, high > 52.0. Subjects were grouped into low,
moderate, and high categories for each of these psychological measures for each time period and
means and SEM for each immunological measure were determined for each time period based upon
the subject's report of low, moderate, or high responsiveness.

Women entered into the study were all aware that breast biopsy was impending and as described
above, experienced perceived stress, anxiety, and mood disturbance at T1 in comparison to non-
biopsied, control women. This psychological effect continued though T2 and in most cases
through T3 and in some cases through T4. Reductions in NKCA were observed as early as T1
and continued through T3 for the three groups of women and for the All and Malignant groups of
women through T4 (Figure 11), when compared to control women. At T2 a numerical increase
in NKCA was observed in comparison to T1 and T3. This numerical increase in NKCA at T2
appears to be a consequence of an increase in NKCA for those individuals with the highest levels
of perceived stress, anxiety, and total mood disturbance (Figure 18). In all cases, increases were
numerical with the exception of the PSS. Statistically significant differences were observed
between individuals with low perceived stress and the groups with moderate and the highest
levels of perceived stress. Moreover, no difference in the percentage of circulating NK cells was
observed in women who experienced low, moderate, or high perceived stress, anxiety, or mood
disturbance (Figure 19). Hence, the observed effects at T2 were upon NKCA and not upon
changes in numbers of circulating NK cells.

With regard to IL-2 the overall production of this cytokine was not different for any of the groups
at any of the time periods examined in comparison to the control women (Figure 13). However,
when women were placed into categories based on responses to the experience of biopsy, the
women who experienced the most perceived stress, anxiety, and total mood disturbance,
generally had the least numerical production of IL-2 (Figures 20 and 21). For T1 the reduction in
IL-2 production was significantly different between the low and moderate mood disturbance
categories and the high mood disturbance category. At T1, a significant difference was observed
as well between the low anxiety category and the high anxiety category. Significant differences
were observed between low and high anxiety at T4 and between low and moderate perceived
stress. At T2 a similar pattern numerically was observed but did not reach statistical significance
(Figure 22). At T3 no pattern was consistently recognizable. Data not shown. Of note, PSS and
IL-2 production were negatively correlated(r=-0.768; p<0.05) for women in the malignant group
at T4.

In Figures 23 and 24, comparisons of these categories of subjects for [FNy production are shown.
At T2, significant differences were observed between the low and high categories of perceived
stress and at T3 significant differences were observed between low and moderate categories of
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perceived stress. Similar numerical differences were observed for the other psychological measures
at T2 and T3 but these differences were not significant. No pattern was consistently observed at T1
or T4. Data not shown. Comparisons of this type for IL-4, IL-6, and IL-10 did not provide further
insight, data not shown.

Impact of Malignancy, Its' Therapy, and Psychological Measures On Immune Function:
Malignancy and the associated treatment can impact immune function. In Figures 25-30 the
effects of cancer treatment or no treatment upon immune function (respectively NKCA,
production of IL-2, IL-6, IFNy, IL-4, and IL-10) are compared for the group of malignant women.
Cancer treatment was either radiotherapy and/or chemotherapy. It is clear from the figures that in
this restricted set of women no reduction in immune function was observed for therapeutically
treated women when compared to untreated women at T3 or T4. Furthermore, it is possible that
malignancy in and of itself may increase perceived stress, total mood disturbance, and/or anxiety.
If true, it would be anticipated that a large percentage of the women with diagnosed malignancy
would also report the highest levels of perceived stress, total mood disturbance, and/or anxiety.
In Table 1 is presented the number of women with malignancy who reported low, moderate, and
high levels for these psychological measures at T1, T2, T3, and T4. It is clear from this data that
the number of women with malignancy was evenly distributed throughout the categories and did
not cluster in the “high” categories at any of the time points.

Measurement of Hormonal Levels: Circulating levels of cortisol and DHEASO4 were
measured for biopsied women at T1, T2, T3, and T4. The data are presented in Figures 31 and
32. At this time, no significant differences are observed.

Discussion

In order to determine whether psychological stress accompanies breast biopsy, scores on various
stress measures pre and post biopsy were compared to non-biopsied control women. The results
clearly showed that women undergoing breast biopsy scored higher than did age-matched, non-
biopsied, control women for all of the psychological measures evaluated. Moreover, pre biopsy
subjects reported significantly more psychological stress, more perceived stress, experienced
more anxiety, and more total mood disturbance, than did the subjects post biopsy. Collectively,
these results demonstrate the experience of breast biopsy to be a psychologically stressful event.
It is also noteworthy that, with the exception of the VAS, emotional distress and mood disturbance
remained significantly elevated after biopsy. For the majority of women, the POMS-TMD and the
Anxiety index (STAI) showed significant reduction pre biopsy to post biopsy, but this was not the
case for the PSS, which remained statistically similar to pre biopsy scores. However, for most of
the POMS subscales, values pre biopsy were still greater than those reported by control women. A
significant reduction in scores was reported for tension, depression, and confusion pre to post
biopsy. In the case of vigor, pre biopsy women reported less vigor than post biopsy women did and
post biopsy women reported less vigor than non-biopsied, control women did. These data clearly
show that the experience of breast biopsy produced psychological distress and mood disturbance in
women that extended well beyond the day of biopsy. In particular, increased tension and
depression and reduced vigor significantly contributed to the mood disturbance after biopsy with
minor contribution by confusion.
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Th1, Th2, and proinflammatory cytokine production fell into three distinct categories for the
biopsy subjects. As a group, production of cytokines by the PBMCs of the biopsied women
either remained unchanged (IL-2), showed an increase compared to control subjects (IL-4, IL-6,
and IL-10), or alternatively showed a reduction when compared to control subjects (IFN gamma).
IL-2 has been characterized as a Thl cytokine and falls into the first category. Its' production by
the majority of biopsy patients (as a whole group) was unchanged from pre to post biopsy and
was approximately the same as that of control subjects. IL-6 is a pro-inflammatory cytokine that
falls into the second category. Its' production by all biopsy patients was greater than control
subjects with increased levels of production, pre and post biopsy. In this category as well are IL-
4 and IL-10, which are both Th2 cytokines that showed markedly increased production during the
biopsy experience. IFN gamma, a Th1 cytokine, falls into the third category and showed
decreased production by the majority of biopsy patients in comparison to control subjects. In
addition to these measures, a marked reduction was observed in NKCA between control, non-
biopsied, women and women who experienced biopsy. Women entered into the study were
aware that breast biopsy was impending and as described above, experienced psychological stress
pre biopsy. The impact upon NKCA appeared early (T1) and continued throughout the post
biopsy period. The pre biopsy time points showed a significant diminution in mean NKCA for
the majority of women. Because the reduction in NKCA was not accompanied by a change in
the number of circulating NK cells these data clearly suggest that the observed reduction in
NKCA is a consequence of reduced NKCA and not a reduction in NK cell number. As noted
above significant emotional distress and mood disturbance was observed in women post biopsy
when compared to that of control women. In sum, these results suggest that this distress appears
to have, in turn, produced long-term effects on immune function; given that reduced NKCA and
dysregulation in cytokine production continued beyond the day of biopsy.

Intriguing immunological differences were observed when the psychological response to breast
biopsy was stratified as low, moderate, and high. With regard to NKCA, a numerical increase in
NKCA was observed at T2 relative to T1 and to T3. This numerical increase appears to be a
consequence of enhanced NKCA at T2 by the women who experienced the greatest amount of
perceived stress, anxiety, and total mood disturbance. Moreover, it seems likely that the actual
day of biopsy is a period of heightened psychological distress in that the highest scores for the
stress (VAS), anxiety (STAI), and the POMS tension and confusion subscales were reported at
T2. T2 was also the only time period when all reported psychological measures were greater for
all groups of women compared to controls (with the exception of anger). At T2, NKCA was
significantly higher in individuals with moderate and the highest levels of perceived stress in
comparison to those with the lowest level of perceived stress. Likewise, production of IL-6 and
IL-10 were greatest at T2. For IL-2 production, when analyzed as a group, no significant
differences were observed between any of the time points for biopsied women compared to
control women. However, at T2 (and also at T1 and T4) the women with the greatest
psychological effect had the least production of IL-2.

It is important to note that the “biopsy experience” involves a relatively longer period of potential
stress and uncertainty from discovery of a abnormal breast findings to learning the results of a
biopsy. This may extend for several weeks in some cases. Layered upon this “chronic” stress is
the actual day of biopsy, which can be viewed as an acute episodic stressor. With this in mind,

11




the acute effects of impending breast biopsy (at T2) enhanced NKCA and affected cytokine
production in a directional manner. The acute experience of biopsy augmented NKCA for the
most psychologically affected individuals. Blood was drawn and NKCA measured immediately
prior to breast biopsy. Under these circumstances, the acute effect was observed as an
enhancement in NKCA. In contrast, the acute effect of breast biopsy augmented the overall
directional effects of the chronic experience of breast biopsy. In that, the overall effect on
cytokine production at T1 and T3 was magnified at T2. Cytokine production was measured after
48 hours of culture of the acutely affected PBMC, which is significantly different from the
immediate assessment of NKCA. Such a difference in assessment of immune function may
explain the enhanced, directional cytokine responsiveness (IFN gamma production was further
reduced and IL-4 and IL-10 production were further increased) to the acute experience of breast
biopsy at T2. These results suggest that the day of biopsy is in fact a period of acute perceived
stress, anxiety, and mood disturbance, and that this acute response may overlay the “chronic”
effects of the experience of breast biopsy. Others have also described unique differences in
immune response to chronic versus acute stressors (19).

It is worth noting that at T4 NKCA remained decreased for the women with malignant breast
findings; whereas, in women with benign breast findings, NKCA increased to levels similar to
control women. Our preliminary results suggest that the decrease in NKCA is not due to the
cancer treatment therapy that the malignant women received. In addition, the decrease in IFN
gamma observed at T2 and T3 may be a conservative estimate of the overall effect of distress
upon this component of the immune system. The observed decrease may be limited by an overall
maximal basal reduction, which is sometimes described as the "basement effect", in which no
further reduction is observable due to the inhibitory nature of the biological effect. Moreover,
IFN gamma production was most markedly reduced for the women in the malignant group and
least affected for the women in the benign group. This difference could not be ascribed to cancer
treatment therapy and for both groups of women, production of IFN gamma returned to normal
levels by T4.

(3) KEY RESEARCH ACCOMPLISHMENTS

e A psycho-immune assessment of women at two time periods pre and two time periods post
breast biopsy has been accomplished.

e Stress, perceived stress, anxiety, and mood disturbance are heightened in women pre biopsy
and in some cases begin to “normalize” post biopsy.

o Perceived stress, anxiety, and mood disturbance diminish post biopsy but remain elevated in
comparison to non-biopsied, control women.

e NK cell activity is depressed in women both pre and post breast biopsy compared to non-
biopsied control women.
Cytokine dysregulation accompanies the depression in NK cell activity.
No changes in plasma cortisol or DHEAS were observed.

(4) REPORTABLE OUTCOMES (copies are in the Appendix)

Witek-Janusek, L., and H.L. Mathews. Stress, Immunity, and Health. 2000. In: Handbook of
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Stress and Coping, V. Rice ed., Sage Publishing, pp. 47-68.

M. Nagabhushan, H. L. Mathews, and L. Witek-Janusek. 2001. Aberrant nuclear expression of
AP-1 and NFkB in lymphocytes of women stressed by the experience of breast biopsy. Brain,
Behav. Immun., 15:78-84.

Witek-Janusek, L. and H. L. Mathews. Immunological and Psychological Analysis of Women
Experiencing Breast Biopsy, submitted, Brain Behav. Immun, 2001.

(5) CONCLUSIONS

These results provide evidence that the stress of breast cancer diagnosis leads to prolonged
periods of perceived stress, anxiety, and mood disturbance, which appear to be associated with
depressed NK cell activity and an altered pattern of cytokine production. Stress-induced
alterations in immunity are not transient but persist beyond the acute experience of the biopsy.
This may be of particular relevance to women diagnosed with malignancy since they will be
facing additional stressors related to cancer treatment and adaptation to illness. This data set
supports the need to adequately assess women to determine their risk of stress-related immune
dysfunction and to incorporate stress-reduction strategies and to provide emotional support to
women during the earliest stages of the cancer trajectory. Innovative approaches to buffer the
effects of stress during cancer diagnosis would provide a valuable addition to comprehensive
cancer care. Multi-disciplinary approaches to cancer diagnosis and treatment should seriously
consider the incorporation of such approaches in the holistic care of women facing a cancer
diagnosis. As these data support, such approaches might prove to be beneficial to both the
psychological and immunological status of women with cancer. The treatment of women with
breast cancer would benefit by the conduct of future studies that develop and evaluate
biobehavioral approaches that promote optimal psychological and immunological well-being of
these women.
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Figures and Legends to Figures

PSS T1-T4 All, benign, malignant
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Figure 1. Psychological measure of perceived stress is depicted for all biopsied women as
well as for those women with benign findings, malignant findings, and in comparison to
non-biopsied control women. Perceived stress was measured using Cohen’s Perceived
Stressor Scale (PSS). N for; All at T1= 82, All at T2= 94, All at T3="77, All at T4=81,
Control=45. Benign at T1= 64, Benign at T2= 74, Benign at T3= 57, Benign at T4= 64.
Malignant at T1= 18. Malignant at T2= 20, Malignant at T3= 20, Malignant at T4=17.
Bars represent the mean values + S.E. Statistical comparisons are as follows. a=p <0.05,
b=p<.01, c=p <0.001 in comparing the respective experimental mean to the control
group; d=p<.0.05 comparing benign biopsy group T1 to T2; j=p<0.05 comparing benign
biopsy group T1 to T4.
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Figure 2. Psychological measure of stress is depicted for all biopsied women as well as
for those women with benign findings, malignant findings, and in comparison to non-
biopsied control women. Stress was measured by use of 10 cm visual analogue scales
that determined global stress (VAS). N for; All at T1= 82, All at T2= 94, All at T3=77,
All at T4= 81, Control=45. Benign at T1= 65, Benign at T2= 75, Benign at T3= 58,
Benign at T4= 64. Malignant at T1= 17, Malignant at T2= 19, Malignant at T3= 19,
Malignant at T4=17. Bars represent the mean values + S.E. Statistical comparisons are
as follows: a=p <0.05, b=p<.01, c=p <0.001 comparing the respective experimental
mean to control group; i= p <0.001 comparing T1 to T3 for biopsied women; I=p <0.001
comparing T1 to T4 for biopsied women; m=p <<0.0 comparing T2 to T4 for biopsied
women; 0= p <0.001 comparing T2 to T4 for biopsied women; u=p <0.001 comparing
T2 to T3 for biopsied women; v=p <<0.05 comparing All biopsied women to the
malignant group at T3; and y= p<.01 comparing women with benign findings to women
with malignant findings at T3.
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Figure 3. Psychological measure of mood state is depicted for all biopsied women as well
as for those women with benign findings, malignant findings, and in comparison to non-
biopsied control women. Mood state was measured using the Profile of Mood States
(POMS) and the total mood disturbance (TMD) is depicted. N for; All at T1=79, All at
T2=92, All at T3=79, All at T4= 85, Control=46. Benign at T1= 62, Benign at T2= 73,
Benign at T3= 59, Benign at T4= 67. Malignant at T1= 17, Malignant at T2= 19,
Malignant at T3= 20, Malignant at T4=18. Bars represent the mean values + S.E.
Statistical comparisons are as follows: a=p <0.05, b=p<.01, c=p <0.001 comparing the
respective experimental mean to the control group; g= p <0.05 comparing T1 to T3 for
biopsied women; h=p<.01 comparing T1 to T3 for biopsied women; j=p <0.05
comparing T1 to T4 for biopsied women; m=p <0.05 comparing T2 to T4 for biopsied
women; s= p <0.05 comparing T2 to T3 for biopsied women; and x=p <0.05 comparing
women with benign findings to women with malignant findings at the respective time
point(s).
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Figure 4. Psychological measure of anxiety is depicted for all biopsied women as well as
for those women with benign findings, malignant findings, and in comparison to non-
biopsied control women. Anxiety was measured using Spielberger’s State Anxiety
Inventory (STAI). N for; All at T1= 83, All at T2= 96, All at T3=78, All at T4= 83,
Control=25. Benign at T1= 66, Benign at T2= 72, Benign at T3= 58, Benign at T4= 65.
Malignant at T1= 17, Malignant at T2= 24, Malignant at T3= 20, Malignant at T4= 18.
Bars represent the mean values + S.E. Statistical comparisons are as follows. a=p <0.05,
b=p<.01, c=p <0.001 comparing the respective experimental mean to the control group;
i=p <0.001 comparing T1 to T3 for biopsied women; 1=p <0.001 comparing T1 to T4
for biopsied women; o= p <0.001 comparing T2 to T4 for biopsied women; u=p <0.0
comparing T2 to T3 for biopsied women; and x=p <0.05 comparing women with benign
findings to women with malignant findings at the respective time points.
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POMS-T T1-T4 All, benign, malignant

gAll
Benign
mMalignant

T4 Control

Figure 5. The tension subscale of the POMS is depicted for all biopsied women as well as
for those women with benign findings, malignant findings, and in comparison to non-
biopsied control women. N for; All at T1= 79, All at T2= 94, All at T3= 79, All at T4=
85, Control=46. Benign at T1= 63, Benign at T2= 75, Benign at T3= 59, Benign at T4=
67. Malignant at T1= 16, Malignant at T2= 19, Malignant at T3= 20, Malignant at T4=
18. Bars represent the mean values + S.E. Statistical comparisons are as follows: a=p
<0.05, b=p<.01, c=p <0.001 comparing the respective experimental mean to the control
group; i=p <0.001 comparing T1 to T3 for biopsied women,; j=p <0.05 comparing T1 to
T4 for biopsied women; I=p <0.001 comparing T1 to T4 for biopsied women; m=p
<0.05 comparing T2 to T4 for biopsied women; o=p <0.001 comparing T2 to T4 for
biopsied women; u=p <0.001 comparing T2 to T3 for biopsied women; and x=p <0.05
comparing women with benign findings to women with malignant findings at the
respective time point(s).
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POMS-D T1-T4 All, benign, malignant
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Figure 6. The depression subscale of the POMS is depicted for all biopsied women as
well as for those women with benign findings, malignant findings, and in comparison to
non-biopsied control women. N for; All at T1= 78, All at T2=92, All at T3=79, All at
T4= 84, Control=46. Benign at T1= 62, Benign at T2= 73, Benign at T3= 59, Benign at
T4= 66. Malignant at T1= 16, Malignant at T2= 19, Malignant at T3= 20, Malignant at
T4=18. Bars represent the mean values + S.E. Statistical comparisons are as follows:
a=p <0.05, b=p<.01, c=p <0.001 comparing the respective experimental mean to the
control group; h=p<.01 comparing T1 to T3 for biopsied women; j=p <0.05
comparingT1 to T4 for biopsied women; and m=p <0.05 comparing T2 to T4 for
biopsied women
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Figure 7. The anger subscale of the POMS is depicted for all biopsied women as well as
for those women with benign findings, malignant findings, and in comparison to non-
biopsied control women. N for; All at T1=79, All at T2= 92, All at T3=79, All at T4=
85, Control=46. Benign at T1= 62, Benign at T2= 73, Benign at T3= 59, Benign at T4=
67. Malignant at T1= 17, Malignant at T2= 19, Malignant at T3= 20, Malignant at T4=
18. Bars represent the mean values + S.E. Statistical comparisons are as follows: a=p
<0.05, b=p<.01, c=p <0.001 comparing the respective experimental mean to the control
group; m=p <0.05 comparing T2 to T4 for the biopsied women; v=p <0.05 comparing
All biopsied women to women with malignant findings at T1; and x=p <0.05 comparing
All biopsied women to women with malignant findings at the respective time point.
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POMS-V T1-T4 All, benign, malignant
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Figure 8. The vigor subscale of the POMS is depicted for all biopsied women as well as
for those women with benign findings, malignant findings, and in comparison to non-
biopsied control women. N for; All at T1= 78, All at T2= 92, All at T3= 79, All at T4=
84, Control=46. Benign at T1= 61, Benign at T2= 72, Benign at T3= 58, Benign at T4=
66. Malignant at T1= 17, Malignant at T2= 20, Malignant at T3= 21, Malignant at T4=
18. Bars represent the mean values + S.E. Statistical comparisons are as follows: a=p
<0.05, b=p<.01, c=p <0.001comparing the respective experimental mean to the control
group; and m= p <0.05 comparing T2 to T4 for the biopsied women.
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Figure 9. The fatigue subscale of the POMS is depicted for all biopsied women as well as
for those women with benign findings, malignant findings, and in comparison to non-
biopsied control women. N for; All at T1= 78, All at T2= 92, All at T3=79, All at T4=
85, Control=46. Benign at T1= 62, Benign at T2= 73, Benign at T3= 59, Benign at T4=
64. Malignant at T1= 16, Malignant at T2= 19, Malignant at T3= 20, Malignant at T4=
18. Bars represent the mean values + S.E. Statistical comparisons are as follows: a=p

<0.05, b=p<.01, and c=p <0.001 comparing the respective experimental mean to the
control group.
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Figure 10. The confusion subscale of the POMS is depicted for all biopsied women as
well as for those women with benign findings, malignant findings, and in comparison to
non-biopsied control women. N for; All at T1=79, All at T2= 92, All at T3= 79, All at
T4= 84, Control=46. Benign at T1= 62, Benign at T2= 73, Benign at T3= 59, Benign at
T4= 66. Malignant at T1= 17, Malignant at T2= 19, Malignant at T3= 20, Malignant at
T4=18. Bars represent the mean values + S.E. Statistical comparisons are as follows:
a=p <0.05, b=p<.01, c=p <0.001 comparing the respective experimental mean to the
control group; g=p <0.05 comparing T1 to T3 for biopsied women; j=p <0.05
comparing T1 to T4 for biopsied women; m=p <0.05 comparing T2 to T4 for biopsied
women; and s= p <0.05 comparing T2 to T3 for biopsied women.
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Figure 11. NKCA, expressed as lytic units at 20%, is illustrated for all biopsied women
as well as for those women with benign findings, malignant findings, and in comparison
to non-biopsied control women. Peripheral blood was collected pre and post breast biopsy
and from control women. NKCA was measured using K562 tumor cells as the target. N
for; All at T1=79, All at T2= 102, All at T3= 83, All at T4= 80, Control=14. Benign at
T1= 64, Benign at T2= 76, Benign at T3= 63, Benign at T4= 62. Malignant at T1= 16,
Malignant at T2= 26, Malignant at T3= 21, Malignant at T4=19. Bars represent the
mean values + S.E. Statistical comparisons are as follows: a=p <0.05, b=p<.01, c=p
<0.001 comparing the respective experimental mean to the control group; v=p <0.05
comparing All biopsied women (T4) to women with malignant findings at T4; and x=p
<0.05 comparing All biopsied women (T4) to women with malignant findings at T4.
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Phenotypic Data T1-T4
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Figure 12. Phenotypic analysis of PBMC for all biopsied women. N for; T1 CD56+ = 26,
CD16+ =26, CD56/16+ =26, CD56/16 & CD56+ =26, T2 CD56+ =31, CD16+ =31, CD
56/16+ =31, CD56/16 & CD56+ =31, T3 CD56+ =29, CD16+ =29, CD56/16+ =29,
CD56/16 &CD56+ =29, T4 CD56+ =23, CD16+ =23, CD56/16+ =23, CD56/16+
&CD56+ =23, T1 Control CD56+ =8, T2 Control CD16+ =8, T3 Control CD 56/16+ =8,
T4 Control CD56/16+ &CD56+ =8.
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Figure 13. PBMC production of IL-2 is depicted for all biopsied women as well as for
those women with benign findings, malignant findings, and in comparison to non-
biopsied control women. Peripheral blood was collected pre and post breast biopsy and
from control women. PBMC were activated with PMA/PHA and culture supernatants
were collected at 48 hr. Cytokine concentration was determined by ELISA. N for; All at
T1= 52, All at T2= 63, All at T3= 51, All at T4= 53, Control=19. Benign at T1= 40,
Benign at T2= 44, Benign at T3= 37, Benign at T4= 37. Malignant at T1= 12, Malignant
at T2= 19, Malignant at T3= 14, Malignant at T4=17. Bars represent the mean values =
S.E. No statistical differences were found either within or between groups.
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Figure 14. PBMC production of IL-6 is depicted for all biopsied women as well as for
those women with benign findings, malignant findings, and in comparison to non-
biopsied control women. Peripheral blood was collected pre and post breast biopsy and
from control women. PBMC were activated with PMA/PHA and culture supernatants
were collected at 48 hr. Cytokine concentration was determined by ELISA. N for; All at
T1= 59, All at T2= 78, All at T3= 69, All at T4= 60, Control=26. Benign at T1= 48,
Benign at T2= 58, Benign at T3= 53, Benign at T4= 46. Malignant at T1= 10, Malignant
at T2= 19, Malignant at T3= 16, Malignant at T4= 14. Bars represent the mean values =+
S.E. Statistical comparisons are as follows: a=p <0.05, b=p<.01, c=p <0.001 comparing
the respective experimental mean to the control group; and m=p <0.05 comparing T2 to
T4 for biopsied women.
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Figure 15. PBMC production of IFN ¥ is depicted for all biopsied women as well as for
those women with benign findings, malignant findings, and in comparison to non-
biopsied control women. Peripheral blood was collected pre and post breast biopsy and
from control women. PBMC were activated with PMA/PHA and culture supernatants
were collected at 48 hr. Cytokine concentration was determined by ELISA. N for; All at
T1= 64, All at T2= 82, All at T3= 64, All at T4=49, Control=21. Benign at T1= 51,
Benign at T2= 55, Benign at T3= 46, Benign at T4= 36. Malignant at T1= 14, Malignant
at T2= 22, Malignant at T3= 18, Malignant at T4= 13. Bars represent the mean values =+
S.E. Statistical comparisons are as follows: a=p <0.05, b=p<.01, and c=p <0.001
comparing the respective experimental mean to the control group; m=p <0.05 comparing
T2 to T4 for the biopsied women; p=p <0.05 and g= p<.01 comparing T3 to T4 for the
biopsied women.
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Figure 16. PBMC production of IL-4 is depicted for all biopsied women as well as for
those women with benign findings, malignant findings, and in comparison to non-
biopsied control women. Peripheral blood was collected pre and post breast biopsy and
from control women. PBMC were activated with PMA/PHA and culture supernatants
were collected at 48 hr. Cytokine concentration was determined by ELISA. N for; All at
T1= 64, All at T2= 80, All at T3= 73, All at T4=77, Control=18. Benign at T1=49,
Benign at T2= 61, Benign at T3= 56, Benign at T4= 56. Malignant at T1= 15, Malignant
at T2= 17, Malignant at T3= 17, Malignant at T4=21. Bars represent the mean values +
S.E. Statistical comparisons are as follows: a=p <0.05, b=p<.01, and c=p <0.001
comparing the respective experimental mean to the control group; m=p <0.05 and
n=p<.01 comparing T2 to T4 for the biopsied women; and p=p <0.05 comparing T2 to
T4 for biopsied women.
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Figure 17. PBMC production of IL-10 is depicted for all biopsied women as well as for
those women with benign findings, malignant findings, and in comparison to non-
biopsied control women. Peripheral blood was collected pre and post breast biopsy and
from control women. PBMC were activated with PMA/PHA and culture supernatants
were collected at 48 hr. Cytokine concentration was determined by ELISA. N for; All at
T1= 62, All at T2= 81, All at T3= 68, All at T4= 65, Control=28. Benign at T1=49,
Benign at T2= 61, Benign at T3= 54, Benign at T4= 49. Malignant at T1= 13, Malignant
at T2= 20, Malignant at T3= 14, Malignant at T4= 16. Bars represent the mean values +
S.E. Statistical comparisons are as follows: a=p <0.05, b=p<.01, and c=p <0.001
comparing the respective experimental mean to the control group.
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Figure 18. NKCA, expressed as lytic units at 20%, is illustrated for benign biopsied
women at T2 who had low, moderate, or high levels of either perceived stress, total
mood disturbance, or annxiety, and in comparison to non-biopsied control women.
Peripheral blood was collected pre and post breast biopsy and from control women.
NKCA was measured using K562 tumor cells as the target. N for; PSS for low= 19,
moderate= 38, high= 17. Control=14. POMS-TMD for low= 18 , moderate= 39, high=
15 . Anxiety for low= 17 , moderate= 41 , high = 16. Bars represent the mean values +
S.E. Statistical comparisons are as follows: a=p <0.05 comparing low to moderate and
c=. p <0.05 comparing low to high.
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Figure 19. NK phenotypic analysis for biopsied women at T2 who had low, moderate, or
high levels of either perceived stress, total mood disturbance, or anxiety, and in
comparison to non-biopsied control women. Peripheral blood was collected and PBMC
were assessed for the percentage of CD56/16+ &CD56+ by flow cytometry. N for; PSS
for low= 6, moderate= 14, high= 8 . Control=8. POMS-TMD for low= 7, moderate= 14,
high= 8. Anxiety for low= 3 , moderate= 18 , high = 10. Bars represent the mean values
+ S.E. No statistical differences were found.
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Figure 20. PBMC production of IL-2 is depicted for benign biopsied women at T1 who
had low, moderate, or high levels of either perceived stress, total mood disturbance, or
annxiety, and in comparison to non-biopsied control women. Peripheral blood was
collected and PBMC were activated with PMA/PHA and culture supernatants were
collected at 48 hr. Cytokine concentration was determined by ELISA. N for; PSS for
low= 8, moderate= 24, high= 12 . Control=19. POMS-TMD for low= 8 , moderate= 25,
high= 11. Anxiety for low=9 , moderate= 22 , high = 13. Bars represent the mean values
+ S.E. Statistical comparisons are as follows. Statistical comparison between low and
high, c=p< 0.05. Statistical comparison between moderate and high; f=p <0.01.
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Figure 21. PBMC production of IL-2 is depicted for benign biopsied women at T4 who
had low, moderate, or high levels of either perceived stress, total mood disturbance, or
annxiety, and in comparison to non-biopsied control women. Peripheral blood was
collected and PBMC were activated with PMA/PHA and culture supernatants were
collected at 48 hr. Cytokine concentration was determined by ELISA. N for; PSS for
low= 5, moderate= 19, high=7 . Control=19. POMS-TMD for low=35 , moderate= 15,
high= 11. Anxiety for low= 4 , moderate= 16 , high = 10. Bars represent the mean values
+ S.E. Statistical comparisons for all figures are as follows. Statistical comparison
between experimental means for low to moderate, b=p0<.01. Statistical comparison
between low and high, d=p <0.01.
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Figure 22.. PBMC production of IL-2 is depicted for benign biopsied women at T2 who
had low, moderate, or high levels of either perceived stress, total mood disturbance, or
annxiety, and in comparison to non-biopsied control women. Peripheral blood was
collected and PBMC were activated with PMA/PHA and culture supernatants were
collected at 48 hr. Cytokine concentration was determined by ELISA. N for; PSS for
low= 8, moderate= 20, high= 13 . Control=19. POMS-TMD for low= 10 , moderate= 23

, high=9 . Anxiety for low= 8 , moderate= 23 , high = 10. Bars represent the mean values
+ S.E. No statistical differences were found.
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Figure 23. PBMC production of IFN y is depicted for benign biopsied women at T2 who
had low, moderate, or high levels of either perceived stress, total mood disturbance, or
anxiety, and in comparison to non-biopsied control women. Peripheral blood was
collected and PBMC were activated with PMA/PHA and culture supernatants were
collected at 48 hr. Cytokine concentration was determined by ELISA. N for; PSS for
low= 13, moderate= 27, high= 14 . Control=21. POMS-TMD for low= 16 , moderate=
27 ,high= 11 . Anxiety for low= 13 , moderate= 28 , high = 13. Bars represent the mean
values + S.E. No statistical differences were found.
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Figure 24. PBMC production of IFN v is depicted for benign biopsied women at T3 who
had low, moderate, or high levels of either perceived stress, total mood disturbance, or
anxiety, and in comparison to non-biopsied control women. Peripheral blood was
collected and PBMC were activated with PMA/PHA and culture supernatants were
collected at 48 hr. Cytokine concentration was determined by ELISA. N for; PSS for
low= 9, moderate= 22, high= 12 . Control=21. POMS-TMD for low=9 , moderate= 22,
high= 10 . Anxiety for low= 9 , moderate= 23 , high = 10. Bars represent the mean values
+ S.E. Statistical comparisons for all figures are as follows. Statistical comparison
between means for low to moderate, a=p <<0.05.

38




NKCA Activity, Malignant Patients
140
120 o
2 100 le)
° 0
~
£ 804 8
‘c
S 60 - 0 8 8 0
o 8 4
3 40- - - v o
o)
20 - 8
. : o
0 T3 treated T3 untreated T4 treated T4 untreated

Figure 25. NKCA, expressed as lytic units at 20%, is compared for biopsied women with
malignant findings who were either therapeutically treated or not at T3 and T4. Peripheral
blood was collected post breast biopsy. NKCA was measured using K562 tumor cells as
the target. N for; treated subjects at T3= 4, untreated subjects at T3= 13, treated subjects
at T4= 10, untreated subjects at T4=7. Solid lines represent mean values.
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Figure 26. PBMC production of IL-2 is compared for biopsied women with malignant
findings who were either therapeutically treated or not at T3 and T4. Peripheral blood
was collected post breast biopsy. PBMC were activated with PMA/PHA and culture
supernatants were collected at 48 hr. Cytokine concentration was determined by ELISA.
N for; treated subjects at T3= 2, untreated subjects at T3= 6, treated subjects at T4= 10,

untreated subjects at T4=5. Solid lines represent mean values.
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Figure 27. PBMC production of IL-6 is compared for biopsied women with malignant
findings who were either therapeutically treated or not at T3 and T4. Peripheral blood
was collected post breast biopsy. PBMC were activated with PMA/PHA and culture
supernatants were collected at 48 hr. Cytokine concentration was determined by ELISA.
N for; treated subjects at T3= 2, untreated subjects at T3= 11, treated subjects at T4=8,
untreated subjects at T4=5. Solid lines represent mean values.
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Figure 28. PBMC production of IFN y is compared for biopsied women with malignant
findings who were either therapeutically treated or not at T3 and T4. Peripheral blood
was collected post breast biopsy. PBMC were activated with PMA/PHA and culture
supernatants were collected at 48 hr. Cytokine concentration was determined by ELISA.
N for; treated subjects at T3= 2, untreated subjects at T3= 11, treated subjects at T4=7,
untreated subjects at T4=3. Solid lines represent mean values.
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Figure 29. PBMC production of IL-4 is compared for biopsied women with malignant
findings who were either therapeutically treated or not at T3 and T4. Peripheral blood
was collected post breast biopsy. PBMC were activated with PMA/PHA and culture
supernatants were collected at 48 hr. Cytokine concentration was determined by ELISA.
N for; treated subjects at T3= 1, untreated subjects at T3= 8, treated subjects at T4= 10,
untreated subjects at T4= 6. Solid lines represent mean values.
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Figure 30. PBMC production of IL-10 is compared for biopsied women with malignant
findings who were either therapeutically treated or not at T3 and T4. Peripheral blood
was collected post breast biopsy. PBMC were activated with PMA/PHA and culture
supernatants were collected at 48 hr. Cytokine concentration was determined by ELISA.
N for; treated subjects at T3= 3, untreated subjects at T3= 8, treated subjects at T4=9,
untreated subjects at T4=S5. Solid lines represent mean values.
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Table 1.

PSS T1
High
n=3

PSS T2
High
n=5

PSS T3
High
n=4

PSS T4
High
n=3

Moderate
n=11

Moderate
n=9

Moderate
n=11

Moderate
n=8

Low
n=6

Low
n:

Low
n=7

Low
n=6

Numbers of Malignant

Patients

ANXIETY T1
High Moderate
n=3 n=8

ANXIETY T2
High Moderate
n=4 n=16

ANXIETY T3
High Moderate
n=2 n=16

ANXIETY T4
High Moderate
n=1 n=7

POMS-TMD T1
High Moderate
n=2 n=8

POMS-TMD T2
High Moderate
n=5 n=9

POMS-TMD T3
High Moderate
n=5 n=10

POMS-TMD T4
High Moderate
n=2 n=4

Low
n:

Low
n=6

Low
n=8

Low
n=12

High, moderate, and low categories were based upon responses of all biopsied women at

T1.
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Figure 31. Cortisol concentrations depicted for all biopsied women and for women with
benign findings, malignant findings, and in comparison to non-biopsied control women.
Cortisol was measured by radioimmune assay. Cortisol: N for; Benign at T1=61 , Benign
at T2=69 , Benign at T3=62 , Benign at T4=62 . Malignant at T1=7 , Malignant at T2=10
, Malignant at T3=10 , Malignant at T4=8 . Control=15. All at T1=68, All at T2=79, All
at T3=72, All at T4=70. Bars represent the mean values + S.E.
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Figure 32. DHEASO4 concentrations depicted for all biopsied women and for women
with benign findings, malignant findings, and in comparison to non-biopsied control
women. DHEASO4 was measured by radioimmune assay. DHEASO4: N for; Benign at
T1=60 , Benign at T2=69 , Benign at T3=59 , Benign at T4=57. Malignant at T1=7,
Malignant at T2=10, Malignant at T3=10, Malignant at T4=10. Control=14. All at
T1=67, All at T2=79, All at T3=69, All at T4=67. Bars represent the mean values + S.E.
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Research Projects Ongoing or Completed During the Last 3 Years:
Title — “Infant Antifungal Defense”

Agency — National Institute of Nursing Research — K01 — NR-00085

Principal Investigator — Linda Witek Janusek

Period — 9-1-96 to 8-31-00

The overall objective of this project is to understand the antifungal capacity of lymphocytes and PMNs of infants within the
context of clinical variables (birth weight, gestational age, and severity of illness). The ability of infant lymphocytes and PMNs
to inhibit growth of Candida albicans and to adhere to the fungus is being assessed, as well as the production of cytokines in
response to C. albicans.

Title — “Stress and Immunity: Implications for Breast Cancer”

Agency — National Cancer Institute, (RO3- CA —72848)

Principal Investigator — Linda Witek Janusek

Period — 10-1-97 to 11-30-98

This objective of this small grant was to determine the psychological, endocrine and immunological response in women pre and
post breast biopsy. Psychological stress, anxiety, mood disturbances, and immune response were measured at two time points
before and two time points after breast biopsy.

Title — “Psycho-Endocrine-Immune Profile: Implications for Quality of Life in Breast Cancer Patients”

Agency — Department of Defense Breast Cancer Research Fund (BC —971316)

Principal Investigator — Linda Witek Janusek

Period — 11-1-98 to 10-31-01

The aim of this project is to understand the effect of psychological stress on immunological function. Stress, anxiety and mood
disturbance and immunological function are being measured over 4 time periods in woman during breast cancer diagnosis.
Indices of immune function include National Killer cell activity and cytokine production. It is hypothesized that stress and
emotions can alter immune response toward tumor targets.

Title — “Psycho-Endocrine-Immune Response to Mindfulness-Based Meditation in HIV-Infected Individuals”

Agency — Catholic Health Partners

Co-Principal Investigator — Linda Witek Janusek

Period — 11/1/98 to 10/31/01

The aim of this project is to examine the effects of an eight week structured stress reduction program on perceived stress, mood,
anxiety, natural killer cell activity and functional well being of HIV infected individuals. Subjects are studied longitudinally
across 4 time periods.
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CHAPTER O

Stress, Immunity, and
Health Outcomes

he assumption that psychological
stress, physical stress, mood, and
behavior modulate the immune
system, and predispose an individual to ill-
ness, is centuries old. In the sixteenth century,
the Greek physician Galen observed that mel-
ancholy women were more predisposed to the
development of tumors. Today, the assump-
tion is widely held that stress, emotions, and
behavior affect health, well-being, and predis-
position to disease. For example, a character
proclaims in Woody Allen’s film Manhattan,
“I can’t express anger, I grow a tumor instead.”
Only recently, however, has this mind-im-
mune relationship been subjected to rigorous
scientific inquiry.

The organized establishment of the sci-
ence of psychoneuroimmunology is often

Linda Witek-Janusek and Herbert L. Mathews

credited to Robert Ader, who first introduced
this term in his presidential address to the
American Psychosomatic Society (Ader,
1980). Ader defined psychoneuroimmunology
as the study of the interactions among behav-
joral, neural, endocrine (neuroendocrine), and
immunological processes of adaptation. The
central premise is that an individual’s re-
sponse and adaptation to the environment is
an integrated process involving interactions
among the nervous, endocrine, and immune
systems. This is in contrast to the traditional
view of the immune system in which it is au-
tonomous and functions independently of the
other organ systems of the body. Today,
psychoneuroimmunology is a multidiscipli-
nary science that includes nurses, psycholo-
gists, immunologists, microbiologists, neuro-

AUTHORS’ NOTE: This chapter is dedicated to the memory of my (LWJI) mentor and my friend, Dr. Sabath F. Marotta
(1929-1996), who introduced me and numerous other nurses to scientific inquiry and stress physiology. May his memory
live on in our collective contributions to the field of stress. This work was supported in part by the Department of the
Army (DAMD-98-8120), the National Cancer Institute (CA-77120-01), the National Institute of Nursing Research (NR-
00085), the National Institute of Allergy and Infectious Disease (AI-31127), Catholic Health Partners, and the Cancer

Federation. The expertise of Josh Takagishi and Maribel Ba

rrigan is gratefully acknowledged. The content of this chapter

does not reflect the position or the policy of the Department of the Army or the U.S. government.
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scientists, endocrinologists, and others. The
collective aims of these scientists are to ex-
plore and explain the common belief that
one’s behavior and emotions can influence
stress, immunity, and health outcome.
Despite the recent development of
psychoneuroimmunology as a discipline, ini-
tial evidence that linked stress to the immune
system was reported by Hans Selye in the
1930s. In his general adaptation syndrome,
Selye described a triad of responses to acute
physical stress that consisted of adrenal gland
enlargement, gastric erosion, and thymic invo-
lution (Selye, 1936, 1976). Since then, scien-
tific evidence confirming biological links
among the nervous, endocrine, and immune
systems has accumulated. These links include
direct innervation of lymphatic tissue by the
central nervous system and a shared commu-
nication network in which cells of the ner-
vous, endocrine, and immune systems use
common molecules and receptors to recipro-
cally modulate biologic activity. Thoughts,
emotions, and behavior are known to activate
anatomical and biochemical pathways, and
these pathways in turn modulate immune
function (La Via & Workman, 1998). Such
observations and demonstrations have permit-
ted advocates of psychoneuroimmunology
to suggest that biobehavioral interventions
aimed at strengthening immunocompetence
may be an important component of holistic
health care (Kiecolt-Glaser & Glaser, 1992).

> NEURAL-IMMUNE
INTERACTIONS

The connection between the brain and the im-
mune system is through direct innervation of
lymphoid tissue and through the release of
products from the brain that bind to mem-
brane receptors on immunologically compe-
tent cells. It is clear that primary and second-
ary lymphoid tissues are innervated with
noradrenergic and peptidergic nerve fibers
(Felten et al., 1987). The Feltens’s immuno-
histochemical studies provide direct evidence
of the close association between presynaptic

sympathetic nerve endings and lymphocytes
and macrophages (Felten, Felten, Carlson,
Olschowka, & Livnat, 1985). Experimentally
produced brain lesions of the hypothalamus,
hippocampus, and cerebral cortex alter im-
mune function, suggesting a neural-immune
interactive network of connections. Those ar-
eas of the brain that exert immunomodulatory
effects are areas concerned with emotions
and with visceral, autonomic, and neuro-
endocrine regulation, thus establishing the
“hardwiring” between neural centers that pro-
cess emotions and immune cells. Further ver-
ification of a neural-immune network or axis
was provided when lymphocytes and
macrophages were shown to bear receptors
for adrenergic substances (both o~ and B-
adrenergic receptors) and various neuro-
peptide hormones, including vasoactive intes-
tinal polypeptide, somatostatin, calcitonin
gene-related peptide, substance P, and
opioids (Stevens-Felten & Bellinger, 1997).
The presence of such receptors on im-
mune cells provides a mechanism whereby
the immune system can respond to biochemi-
cal signals from the brain. Activation of these
receptors leads to functional changes in im-
mune response (i.e., lymphocyte prolifera-
tion, cytotoxicity, antibody production, and
cytokine secretion).

A pivotal step in firmly establishing that
the brain and immune system interact was ac-
complished by psychologists who, using ani-
mal models, demonstrated that classical psy-
chological (Pavlovian) conditioning could
produce immunologic changes (Ader & Co-
hen, 1993). Such conditioning and its effect
on the immune system have been demon-
strated clinically. For example, research has
documented the occurrence of anticipatory

" immunosuppression prior to the administra-

tion of chemotherapy (Bovbjerg et al., 1990;
Fredrikson, Furst, Lekander, Rothstein, &
Blomgren, 1993).

Investigators continue to unravel the in-
tricate interplay among the nervous, endo-
crine, and immune systems. The associated
immunologic changes that occur in response
to neuroendocrine mediators, however, are



highly complex, and often the characteriza-
tion of putative interactions has been mea-
sured only in vitro, in which one variable is
manipulated. In vivo, however, immunologi-
cally competent cells respond to multiple
stimuli, including numerous so-called mole-
cules of emotion, within a microenvironment.
Ultimately, the net immune response is an in-
tegration of these stimuli. The multiple levels
and complexity of such immune modulation
are remarkable, considering that numerous
peptide and hormonal mediators can augment
and diminish immune function (Wang, Fiscus,
Yang, & Mathews, 1995; Witek-Janusek &
Mathews, 1999a). It remains to be determined
how these peptides and mediators fit within a
homeostatic framework or are altered by envi-
ronmental perturbation.

Adding additional complexity, it is well
established that not only do nerves and secre-
tory products from the brain influence im-
mune function but also the converse is true.
Immune activation can modulate central ner-
vous system activity. Hugo Besedovsky and
collaborators conducted seminal studies,
which demonstrated that antigenic challenge
of the immune system can produce an in-
crease in neural firing within the medial hypo-
thalamus (Besedovsky, Felix, & Haas, 1977).
A peak immune response was associated with
a decrease in norepinephrine turnover. Cyto-
kines produced by antigen-activated lym-
phoid cells altered the turnover of norepi-
nephrine (Besedovsky, del Rey, Prada, Burri,
& Honegger, 1983).

It is now understood that alterations in
cytokine secretion subsequent to immune acti-
vation mediate behavioral effects often asso-
ciated with illness. For example, interleukin-1
(IL-1), IL-6, and tumor necrosis factor-ct
(TNF-o) mediate sickness behavior (the fa-
tigue, lethargy, and decreased appetite associ-
ated with infectious illness) (Dantzer et al.,
1998). Because they are large protein mole-
cules, cytokines do not readily cross the
blood-brain barrier. They are believed to sig-
nal the brain by entering neural structures that
do not possess tight capillary endothelial bar-
riers, such as the organum vasculosum
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laminae terminalis and area postrema. In addi-
tion, recent evidence indicates that cytokines
released in the periphery can activate sensory
afferents. such as vagal afferents, and signal
central nervous system (CNS) areas involved
in immune-related behavioral responses
(Watkins, Meier, & Goehler, 1995).

Collectively, this evidence supports the
concept of a dynamic neuroendocrine-
immune network whereby soluble products of
immunologically competent cells affect the
CNS following antigenic challenge. It is this
conceptualization that led Blalock to liken the
immune system to a sensory organ capable of
informing the CNS of an antigenic challenge
(Blalock & Smith, 1985).

Both psychological and physical stress-
ors are known to activate neuroendocrine
pathways that interact with the immune sys-
tem (Chrousos, 1998). Stressor activation
leads to increased secretion of neurosecretory
hormones from the hypothalamus, such as
corticotropin-releasing hormone (CRH). In
turn, these hypothalamic hormones regulate
secretion of pituitary hormones, such as
adrenocorticotropin hormone (ACTH) and
endorphins. Because there are shared hor-
monal receptors on cells of the immune and
neuroendocrine systems, reciprocal interac-
tions between these systems are possible
(Reichlin, 1993; Weigent & Blalock, 1999).
Neuroendocrine secretory products have
immunomodulatory effects and alter leuko-
cyte function (e.g., the immunologic effects of
glucocorticoids, endorphins, ACTH, growth
hormone, and prolactin). These effects in-
clude the regulation of cytokine secretion, an-
tibodv synthesis, natural killer cell (NK) ac-
tivity, and lymphocyte proliferation (Weigent
& Blalock, 1999). The complex interactions
between the neuroendocrine and immune sys-
tems are believed to, in part, downregulate in-
flammatory responses and limit continuous
proliferation of lymphoid cells or excessive
production of immune cell products or both
(Munck & Guyre, 1986). )

Interestingly, neuroendocrine hormones
can be produced by leukocytes, the most well
studied of which is proopiomelanocortico-
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tropin (POMC). POMC is a precursor mole-
cule for the hormones ACTH and endorphin.
Although the role of hormones produced by
immune cells is under investigation, it is likely
that they function by autocrine/paracrine
mechanisms within the Jlocal lymphoid
microenvironment (Weigent & Blalock,
1999). The finding that immune cells can pro-
duce hormones normally secreted from the
anterior pituitary emphasizes the close rela-
tionship of the immune and endocrine sys-
tems. Finally, immune cell secretory products
(e.g., cytokines) alter neuroendocrine cell se-
cretion. For instance, cytokines have actions
at both the hypothalamic and pituitary levels.
Cytokines, such as IL-1, IL-2, IL-6, and TNF,
activate the adrenal axis, whereas IL-1 and
TNF inhibit the gonadal axis and TNF and in-
terferon-gamma (IFN-v) suppress the thyroid
axis (Weigent & Blalock, 1999).

The bidirectional nature of the neuro-
endocrine and immune systems likely ac-
counts for the effect of stress on the immune
system (Figure 3.1). Regulatory hormones
and neuropeptides once believed to be con-
fined to the brain or endocrine system or both
are now known to be mutually expressed by
all three systems (nervous, endocrine, and
immune), and as a result each system may be
capable of modulating the function of the
other.

In summary, during the past 15 years em-
pirical evidence has emerged that supports the
existence of a communication network link-
ing the nervous, endocrine, and immune sys-
tems. Psychological stimuli modulate the im-
mune response either through direct activation
of neural pathways that terminate in lymphoid
tissue or by activation of neuroendocrine cir-
cuits leading to the release of molecules that
bind to immunologically competent cells.
Conversely, the immune system recognizes
noncognitive stimuli, such as bacteria, fungi,
and viruses, resulting in the secretion of an ar-
ray of cytokines that act on receptors of the
neuroendocrine system. Collectively, cogni-
tive and noncognitive stimuli form a network,
which is the basis for behaviorally induced al-

terations in immune function (Weigent &
Blalock, 1999). It is likely that this neuro-
endocrine-immune network mediates the ef-
fect of stress on the development or progres-
sion or both of immune-based disease.

> STRESS AND IMMUNITY

Stressful life events, and the subsequent emo-
tional and behavioral responses to these
events, are commonly believed to alter immu-
nity. When external demands (i.e., stressors)
exceed an individual’s adaptive capabilities, a
stress response ensues (Lazarus & Folkman,
1984). It is the subsequent neurological and
endocrinological changes that are believed to
produce stress-elicited immune alterations.
Studies during the past decade provide con-
vincing evidence that psychological stress
can affect the immune system (e.g., lympho-
cyte proliferation, NK activity, antibody syn-
thesis, and cytokine production). These stud-
ies have been accomplished with animal
models and in human stress situations, in-
cluding both experimentally produced stress
and naturalistic paradigms for stress evalua-
tion. This chapter focuses on the major hu-
man stress paradigms.

Early studies supporting the effects of
stress on immunity were conducted by the re-
search team of Glaser and Kiecolt-Glaser.
These investigators conducted a series of
stress studies in medical students that demon-
strated the immunosuppressive effects of in-
class examinations (Kiecolt-Glaser, Garner,
Speicher, Penn, & Glaser, 1984). The results
of these studies indicate that the stress that ac-
companies examinations leads to a wide range
of immunosuppressive effects, including de-
creased NK cell activity (Glaser, Rice, &
Speicher, 1986), lymphocyte proliferation
(Glaser et al, 1987), IFN-y production
(Glaser et al., 1986), IL-2 production (Glaser
et al., 1990), and latent viral activation as evi-
denced by increased antibody titer to the virus
(Glaser et al., 1992).
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Figure 3.1. Summary and possible interconnections by which environmental stimuli, or stress, can
affect the immune response and health outcomes. Perceived environmental stress is mediated by the
central nervous system and can lead to neuroendocrine and autonomic nervous system activation. As a
result, the immune response can be altered by autonomic nerve fibers that directly synapse with
immune cells and by circulating catecholamines released from the adrenal medulla. In addition, further
alteration can be produced by secretory products (hormones and neuropeptides) released from the
pituitary and endocrine target glands (adrenal cortex. thyroid, ovaries, and testes). In turn, feedback
(dashed lines) from immune cell products (cytokines) can modulate endocrine and central nervous
system activity by either humoral or neural communication networks.

Furthermore, medical students with
lower anxiety levels had faster and stronger
immune responses to hepatitis B vaccination
than did students with higher levels of anxiety
(Glaser et al., 1992; Glaser, Kiecolt-Glaser.
Malarkey, & Sheridan, 1998). Recently, ex-
amination stress was shown to alter cytokine

production that shifts the cytokine pattern
away from a Th! to a Th2 type of response
(Maes et al., 1998). This shift is characterized
by a decrease in secretion of IFN and an in-
creased secretion of IL-10. The authors sug-
gest that the shift in cytokine production may
partially explain the increased incidence of
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viral infection, latent viral expression, allergic
and asthmatic reactions, and autoimmunity
reported during times of high stress (Marshall
et al., 1998).

The type of immune response seen as a
result of stress is dependent on the acute ver-
sus chronic or repeated nature of the stressful
event (McEwen, 1998). For example, acute
stressors, such as parachute jumping, are cor-
related with a mobilization in the numbers of
NK cells; this is likely attributable to a change
in cell trafficking related to adrenergic arousal
(Schedlowski et al., 1993) or glucocorticoid
secretion (McEwen, 1998) or both. Studies
such as these suggest that acute stress pro-
duces a redistribution of lymphocytes and
macrophages in the body. These cells
marginate on blood vessel walls and compart-
mentalize in the skin, lymph nodes, and bone
marrow. It is theorized that acute stress acti-
vates the immune response and prepares the
organism for potential encounters with an im-
munologic challenge. This activation may ex-
acerbate autoimmune or allergic responses
(Dhabhar, Miller, McEwen, & Spencer,
1996). Repeated or chronic stress, however,
suppresses immune responsiveness, particu-
larly cell-mediated immunity, and increases
susceptibility to infectious challenge and tu-
mor cells (McEwen, 1998). Chronic stressors,
such as bereavement, caregiving, marital con-
flict, and divorce, impair the ability of NK
cells to be lytic and to respond to cytokines
(IFN-y or IL-2) in vitro (Esterling, Kiecolt-
Glaser, & Glaser, 1996; Herbert & Cohen,
1993 Kiecolt-Glaser, Dura, Speicher, Trask,
& Glaser, 1991; Kiecolt-Glaser, Glaser,
Cacioppo, & Malarkey, 1998). Other aspects
of cellular immunity are also affected by
chronic stress (Herbert & Cohen, 1993), in-
cluding decreased lymphoproliferation, NK
cell activity, numbers of circulating lympho-
cytes, as well as salivary and serum immuno-
globulin levels.

The impact of chronic stress has been
poignantly illustrated by assessing the im-
mune response of individuals caring for rela-
tives with Alzheimer’s disease. Kiecolt-
Glaser et al. (1987) found that such caregiving
was accompanied by greater distress and

heightened levels of herpes virus-specific
antibody (suggesting viral reactivation). Fur-
thermore, elderly individuals experiencing the
chronic stress of caring for a spouse with Alz-
heimer’s disease had attenuated responses to
the influenza vaccine and more physician-
confirmed respiratory infections than control
subjects. Health behaviors did not differ be-
tween the two groups.

Conversely, Irwin et al. (1991) reported
no differences in NK cell activity between
caregivers and control subjects. Esterling et
al. (1996), however, found that both care-
givers and former caregivers (those whose rel-
ative had died at least 2 years previously) had
blunted NK cell activity compared to
nonstressed control subjects. Interestingly, the
results of this study suggested that the psycho-
logical and immunological aftermath of
caregiving persists beyond the actual stressful
experience. In an attempt to reverse the
immunosuppressive effects of stress in the el-
derly, these investigators enrolled subjects ina
l-month stress-reduction program that used
progressive muscle relaxation. This form of
stress reduction produced a 30% increase in
NK cell activity (Kiecolt-Glaser et al., 1985).

The type and magnitude of stress-elicited
etfects on the immune system are influenced
by many factors. Such factors may relate to
the stressor, such as the type, intensity, and
duration of the stressful stimulus. The sam-
pling time frame between the stressor and the
immune response can also influence whether
an effect can be measured. Furthermore, not
all components of the immune system may re-
spond to a stressor. Therefore, it is important
that the immune parameter to be measured be
carefully chosen within the context of the
population or illness studied or both. A variety
of host or subject factors will aiso influence
the immune response to stress, such as age,
preexisting illness, nutritional status, sub-
stance abuse, exercise habits, adequacy of
sleep, coping, and social support (Kiecolt-
Glaser & Glaser, 1988; Zeller, McCain,
McCann, Swanson, & Colletti, 1996).

The primary criticism of many stress-
immune studies is that although the immune
change observed is often statistically signifi-



cant, the magnitude of the change is small and
often within normal limits. Whether or not
such a change in immune function is signifi-
cant to health outcomes remains to be deter-
mined. There are studies, however, that have
found that stress-induced immune changes
can increase susceptibility to infectious dis-
ease and may also influence the course of
disease (Cohen, Tyrel, & Smith, 1991;
Spiegel, Bloom, Kraemer, & Gottheil, 1989).
Such studies support the contention that even
small changes in immune function may have
health-related significance.

> STRESS-IMMUNITY AND
HEALTH OUTCOMES

One fundamental question that remains unan-
swered in the field of psychoneuro-
immunology is whether or not stress-induced
alteration in immune function plays a role in
disease development or disease progression
or both. Numerous studies, although incon-
clusive, have shown stress to influence the
course or progression of illness or disease
(e.g., cancer, infectious disease, and HIV).
Few studies, however, provide definitive evi-
dence that links stress, immunity, and health
outcomes. This area remains a challenge for
researchers in psychoneuroimmunology.

One of a handful of well-controlled stud-
ies that examined the effect of psychological
stress on susceptibility to illness was con-
ducted by Cohen et al. (1991). They investi-
gated the relationship between stress and the
common cold using a viral challenge para-
digm. Following extensive health and psycho-
logical assessment (for the previous 12
months), 394 volunteers were randomized to
receive either a low infectious dose ot a respi-
ratory virus or saline. For 2 days prior to viral
challenge and 7 days postchallenge, volun-
teers were quarantined. Rhinovirus infection
was based on the development of clinical
symptoms of a cold, the development of virus-
specific antibodies, and the culture and isola-
tion of the inoculated virus. The results re-
vealed that psychological stress predicted sus-
ceptibility to colds among the initially healthy
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people exposed to the respiratory virus. Psy-
chological stress was operationalized as an
index of the number of negative life events,
the perceived impact of these negative life
events, perceived stress, and negative affect.
In a related study, Cohen et al. analyzed the
relationship of an individual’s sccial contacts
to the development of the common cold. In
276 volunteers exposed to rhinovirus. a
greater resistance to upper respiratory infec-
tion was exhibited in subjects who had the
greatest diversity of social contacts (friends,
family, and community). Interestingly, greater
resistance to infection was related to in-
creased numbers of social contacts and not to
the absolute number of individuals involved in
the social contacts (Cohen, Doyle, Skoner,
Rabin, & Gwaltney, 1997). Recently, these in-
vestigators reported that acute stressful life
events (less than [ month in duration) were
not associated with the onset of colds. Severe
chronic stressors (1 month or longer in dura-
tion), however, were associated with the risk
of cold development. The most prevalent
chronic stressors for this study group were un-
der- or unemployment or enduring inter-
personal difficulties with family or friends
(Cohen et al., 1998).

> STRESS AND WOUND HEALING

Studies of the effects of stress on wound heal-
ing and tissue repair have suggested that
stress-induced neuroendocrine activation im-
pairs healing and delays recovery. Both ani-
mal and human models of wound healing
have been used to examine the etfects of
stress. In one study (Padgett, Marucha, &
Sheridan, 1998), the effects of restraint stress
on the healing of a sterile punch wound in rats
were studied. Rats were subjected to restraint
stress for 3 days prior to and for 5 days after
wounding. Wound healing was measured us-
ing photography and image analysis.
Compared to control rats, which were
wounded but not restrained, healing was de-
layed an average of 3 days in the restraint
stressed group. Treatment of the restraint
stressed group with a glucocorticoid receptor
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antagonist produced healing rates that were
similar to those of control animals. These re-
sults demonstrate that restraint stress delayed
wound healing. Because the glucocorticoid
antagonist reversed this effect, the delay was
likely due to a stress-induced increase in
glucocorticoids. Padgett et al. (1998) hypoth-
esized that the stress-induced elevation in
glucocorticoids prevented the early part of
wound healing in which macrophages move
into the area to remove cellular debris and se-
crete growth factors, cytokines, and
chemotactic factors needed for tissue repair.
Glucocorticoids are well-known to suppress
the inflammatory response, including the pro-
duction of IL-1, IL-6, and TNF-ct (Bendrups,
Hilton, Meager, & Hamilton, 1993). The re-
sults of this study provide compelling evi-
dence, albeit in an animal model, that disrup-
tion of neuroendocrine homeostasis by a
stressor modulates wound healing.

The ability of stress to delay wound heal-
ing has also been shown in human stress para-
digms. Kiecolt-Glaser, Marucha, Malarkey,
Mercado, and Glaser (1995) studied the ef-
fects of chronic stress on caregivers (spouses)
for patients suffering from Alzheimer’s dis-
ease. Punch biopsy wounds were applied to
caregivers and age-matched control subjects.
The results indicated that wound healing was
markedly delayed in the caregivers compared
to control subjects. These differences were
not related to other covariates, such as nutri-
tion, sleep, or the presence of other illnesses.
In another study, wound healing was delayed
by the more acute and benign stress of aca-
demic examinations. Two punch biopsy
wounds were placed on the hard palate of den-
tal students during summer vacation and then
on the contralateral side 3 days prior to the
first major exam of the term. Mucosal wound
healing took 3 days longer to complete during
the exam period. The production of mRNA
for IL-1[3 was also reduced during the stress of
examination (Marucha, Kiecolt-Glaser, &
Favagehi, 1998).

In summary, the previously discussed
studies provide compelling evidence suggest-
ing that stress can impair tissue repair and

wound healing. This can have significant im-
plications for recovery from injury and
surgery, especially in vulnerable populations,
such as individuals with diabetes, impaired
tissue perfusion, and advanced age. Delayed
healing of wounds increases the risk for
wound complication by infectious pathogens,
which can further prolong recovery and length
of hospital stay. Nurses are in a pivotal posi-
tion to recognize and reduce stress and to
teach stress management skills. This has the
potential to promote both healing and recov-
ery and enhance health outcomes.

> STRESS-IMMUNITY AND
CANCER

The immune system is believed to play a role
in surveillance against malignantly trans-
formed cells. It has been hypothesized that
stress-induced suppression of immune cell
activity (e.g., NK cell activity) may alter the
clinical course of cancer. The relationship be-
tween NK cell activity and cancer is complex
(Rosenberg & Lotze, 1986). NK cells, how-
ever, are also important in the control of viral
infections (Trinchieri, 1989; Whiteside &
Herberman, 1989). As such, NK cells may
prevent the development of infectious com-
plications in cancer patients who are often
immunosuppressed.

There are a few highly intriguing studies
that have examined the relationship between
stress and immunity in cancer patients. Levy
et al. (1990) found that estrogen receptor sta-
tus predicted NK cell activity in 66 women
with Stage I or IT breast cancer 3 months after
surgery with or without adjuvant therapy.
These researchers also showed that social sup-
port contributed significantly to a regression
model predicting higher NK cell activity. That
is, the greater an individual’s social support,
the higher the individual’s NK cell activity.

Andersen et al. (1998) studied stress-im-
mune parameters in 116 women who were di-
agnosed with invasive breast cancer (Stages II
and III). Women were enrolled within 4
months of their breast surgery but prior to




adjuvant therapy initiation. Stress was mea-
sured using the Impact of Event Scale, which
is a self-report measure of intrusive and avoid-
ance thoughts and behaviors (Horowitz,
Wilner, & William, 1979). Using hierarchical
multiple regression analysis, their results re-
vealed that higher stress levels significantly
predicted lower NK cell activity, diminished
NK cell response to IFN-y, and decreased
lymphocyte proliferation (Andersen et al.,
1998). It is noteworthy that this study con-
trolled for extraneous variables that might
also affect immunity, including age, stage of
disease, nutritional status, and days since sur-
gery. The results are intriguing and suggest
that stress may play a pivotal role in women
with cancer, possibly resulting in more sus-
ceptibility to cancer progression or infectious
complications or both.

Researchers have begun to address the
definitive question as to whether psychosocial
interventions can produce health effects that
slow cancer progression and promote survival
(Fawzy, Fawzy, Arndt, & Pasnau, 1995; Greer
& Brady, 1988; Speigel, 1996). Randomized
prospective trials have shown protective ef-
fects of psychosocial interventions on cancer
progression (Spiegel, Sephton, Terr, & Stites,
1998). Fawzy et al. (1993) studied the effects
of a behavioral intervention in patients with
malignant melanoma. Subjects were random-
ized to an intervention consisting of six 90-
minute sessions including health education,
stress management, coping skills, and group
discussion. Six months later, the intervention
group showed reduced psychological distress
and enhanced immune function (increased
IFN-o and augmented NK cell activity) com-
pared to the nonintervention group. Although
no association between survival and NK cell
activity was found, individuals with higher
baseline NK cell activity had a decreased inci-
dence of disease recurrence.

In another study, the effects of a home
visit and educational intervention program for
lymphoma and leukemia patients were inves-
tigated (Richardson, Shelton, Krailo, & Le-
vine, 1990). The results showed that patients
in the intervention group were more compli-
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ant with their medical treatment. More impor-
tant, when controlling for this difference,
members of the intervention group lived sig-
nificantly longer than members of the control
group.

A landmark study that assessed the effect
of behavioral intervention on cancer sur-
vival was conducted by David Spiegel and
colleagues (1989). They reported compelling
results suggesting that an intervention, char-
acterized as supportive-expressive group ther-
apy, increased the survival of women with ad-
vanced breast cancer. Fifty of 86 women with
advanced breast cancer were randomly as-
signed to support groups. The groups were de-
signed to build strong supportive bonds, en-
courage “emotional expressiveness” about
cancer, confront fears of dying and death, re-
order life’s priorities, improve relationships
with family and friends, enhance communica-
tion with and development of shared problem
solving with physicians, and teach self-hyp-
nosis for pain control (Spiegel et al., 1993).
The women were followed for 10 years, and a
significant 18-month increase in survival for
women in the intervention group was ob-
served. Further analysis of the results of this
study, in which medical records were re-
viewed, showed no difference in therapeutic
treatment that could account for the differ-
ences in survival. Rather, a correlation was
found between group support and survival.
Spiegel’s research team is currently replicat-
ing this study with a larger group in which en-
docrine markers of stress and cellular immune
response, including NK cell activity, are being
measured in addition to survival. It is hypoth-
esized that psychosocial support will buffer
the immunological consequences of cancer-
associated stress and thereby improve disease
outcomes (Spiegel et al., 1998).

In addition to the ongoing study of
Spiegel, Andersen and colleagues (1998) are
conducting a prospective, randomized study
evaluating the effectiveness of stress-reduc-
tion interventions on psychological, immuno-
logical, and survival outcomes in women with
advanced breast cancer. The structured inter-
vention includes several stress-reduction strat-
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egies, such as progressive muscle relaxation,
social and emotional interventions designed
to increase the quality of life, and healthy liv-
ing habits. The intervention is provided
weekly for the first 4 months and monthly for
an additional 8 months. Psychological and im-
munological variables are being measured,
with survival being the ultimate end point of
this ongoing longitudinal study (McNeil,
1998; Voelker, 1997).

The role of psychological stress in cancer
progression or response to treatment or both
remains controversial, as was expressed in an
editorial by Cohen and Rabin (1998). They
contend that it is not clear if the effects of be-
havioral interventions are due to an individ-
ual’s greater adherence to a healthy lifestyle
or to the behavioral intervention therapy or
both. The results of behavioral-based inter-
vention studies are highly provocative and dif-
ficult to ignore, however. Indeed, the results of
the ongoing clinical trials will provide further
data that will aid in the understanding of the
importance of stress, its impact on the im-
mune system, and cancer control.

> STRESS-IMMUNITY
AND HIV

Individuals living with HIV face numerous
stressors, such as family discord, change in
occupation, economic hardship, social isola-
tion, and bereavement (McCain & Zeller,
1996; Robinson, Mathews, & Witek-Janusek,
2000). Because the immune system plays a
dominant role in the prevention of viral infec-
tions and in the suppression of latent viral in-
fections, stress-induced changes in immune
function may alter disease progression. Evi-
dence suggests that stress-induced modula-
tion of immunity may alter the course of HIV
infection (McCain & Zeller, 1996; Robinson
et al., 2000). Psychological variables are hy-
pothesized to mediate host resistance to the
HIV virus by modifying behavioral practices
and by promoting an optimal neuroendocrine
and immune milieu. Overall, most of these

studies are fraught with methodological diffi-
culties, such as small and nonhomogeneous
samples, lack of control for treatment and dis-
ease stage variables, inability to document or
measure the presence of psychosocial stress
in the sample, and lack of sensitive and rele-
vant indices of immune measures. Neverthe-
less, the results are intriguing.

Goodkin, Fuchs, Feaster, Leeka, and
Rishel (1992) studied stress-immune corre-
lates in asymptomatic HIV-positive males. Al-
though the sample size was small, the results
suggested that men with a lower ability to
cope with stress had lower total lymphocyte
counts, whereas men with higher coping abili-
ties had greater numbers of CD4+ T lympho-
cytes. A series of stress-immune studies have
originated from the University of Miami's
Center for the Biopsychosocial Study of
AIDS:; some of these studies have evaluated
the psychoimmune effects of the stress of HIV
antibody testing (i.e., test notification stress).
This research team reported a significant rela-
tionship between increased anxiety (State
Trait Anxiety Index [STAI]) at the time of no-
tification of test results and decreased NK cell
activity. No association with lymphocyte pro-
liferation was found (Ironson et al., 1990).

In a similar study, during a 5-week period
before and after HIV testing, seropositive sub-
jects reported higher anxiety (STAI), higher
depression, increased intrusive thoughts, and
lower lymphocyte proliferation rates than
seronegative subjects. Although plasma corti-
sol levels declined significantly in the sero-
positive group during the study period, they
were within normal limits (Antoni et al.,
1991). McCain and Cella (1995) found a sig-
nificant relationship between high stress and
lower CD4+ cell numbers in their study of a
heterogeneous group (heterosexuals, minori-
ties, injecting drug users, and those with vari-
ous stages of disease progression) of 53 men
with HIV disease. These same investigators
examined the effect of a stress management
intervention in HIV-positive individuals. Al-
though a reduction in stress was demon-
strated, they failed to show any significant ac-



companying change in immune function
(McCain, Zeller, Cella, Urbanski, & Novak,
1996). In another intervention study, however,
Esterling and colleagues (1992) measured an-
tibody titers to Epstein-Barr virus (EBV) as
the immune end point. Both HIV-positive and
HIV-negative men in the 10-week program
had significant decreases in anti-EBV viral
encapsulated antigen when compared to their
matched controls (Esterling et al., 1992). Be-
cause of the intriguing nature of these inter-
vention studies, similar lines of research will
likely be pursued in the future.

Although there is no clear mechanism for
how stress influences HIV disease progres-
sion, Clerici and colleagues (1994) proposed
an “immunoendocrinological” hypothesis im-
plicating the potential role of elevated cortisol
in the progression of HIV disease through
modulatory effects on viral replication,
cytokine modulation, and increased induction
of apoptosis. Supportive evidence for this the-
ory has been provided by reports that cortisol
enhances HIV viral infections when added to
cell culture medium containing human lym-
phocytes (Markham, Salahuddin, Veren,
Orndortf, & Gallo, 1986) and HIV viral repli-
cation when added to monocyte cultures
(Swanson, Zeller, & Spear, 1998). Norepi-
nephrine, a major catecholamine released dur-
ing stress, also accelerates HIV replication
(Cole, Korin, Fahe, & Zack, 19983).

Itis likely that studies examining psycho-
neuroimmune parameters in HIV disease are
limited by the immune outcome variables
measured. It is possible that psychological ef-
fects may not have a measurable impact on in-
dices of HIV disease development or progres-
sion or both. More important, stress may play
an important role in the HIV-infected person’s
susceptibility to opportunistic infection. Con-
sequently, there is a need to design and imple-
ment studies aimed at determining the role of
psychological stress on immune system indi-
ces designed to measure defense mechanisms
important in host defense against opportunis-
tic infection (Robinson et al., 2000). The na-
ture of the stress-immune relationship in HIV
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disease needs to be carefully evaluated within
the context of currently used antiretroviral
therapy and within the context of future thera-
peutic approaches. Such therapies may not
only alter immune responsiveness in those
with HIV but also influence the type of stress
they encounter as they live with HIV.

> STRESS-IMMUNITY AND
INFECTION

Vulnerable populations, such as cancer pa-
tients and persons with HIV, face a multitude
of stressors. These stressors can influence the
immune system and increase susceptibility to
infectious diseases. Psychological stress
seems to alter the susceptibility of individuals
to infectious agents and influences the onset,
course, and outcome of the pathology associ-
ated with infection (Biondi & Zannino,
1997). Moreover, infectious disease can be a
stressor. The human body’s response to infec-
tion and to immunological challenge resem-
bles both physical and psychological stress
(Dunn, Powell, Meitin. & Small, 1989).
Infection can activate the hypothalamic-
pituitary-adrenal axis (HPA) axis and increase
the synaptic release of norepinephrine and se-
rotonin in the brain (Dunn, 1993). Thus, by
physiological criteria, infection can be re-
garded as stressful. The activation of the HPA
axis associated with immune responses has
been interpreted as a signal to the brain indi-
cating the presence of an infectious threat
from the external environment, triggering a
stress response (Blalock & Smith, 1985).
Once an effective immune response has been
initiated, the HPA axis is thought to negatively
regulate the immune system by the release of
glucocorticoids that limit "the inflammatory
response and prevent overreactivity and auto-
immune phenomena (Besedovsky, del Rey,
Sorkin. & Dinarello, 1986; Munck & Guyre,
1986). Thus, the effects of stress on the im-
mune system and the effects of the immune
system on the neurologic response to infec-
tion are a complex and interrelated series of
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physiologic events with many reciprocal in-
teractions. Many specific infectious states ap-
pear to have a clear association with stress.

Tuberculosis

Stress has long been associated with the
pathogenesis of tuberculosis. With the recent
resurgence of tuberculosis, understanding the
potential role of stress in susceptibility to and
progression of this infectious disease has be-
come even more important. In previous stud-
ies, high rates of tuberculosis have been
reported among socially isolated individu-
als and in schoolchildren and their teachers
during periods of emotional stress, such as
during war (Guyre, Girard, Morganelli, &
Manganiello, 1988; Ishigami, 1919). These
studies showed a reduced capacity of the in-
fected individuals to phagocytize the infec-
tious agent and suggested that stressful situa-
tions might serve as cofactors in the
development of tuberculosis. Until recently,
very little evidence existed to support this sug-
gestion. Work using experimental animals has
shown that HPA axis activation, induced by
restraint stress, increased the growth of the tu-
bercle bacillus (Zwilling et al, 1990).
Adrenalectomy and treatment with the
glucocorticoid receptor antagonist RU486 ab-
rogated this effect. Furthermore, HPA axis ac-
tivation suppressed phagocyte function and
decreased the capacity of the animals to pro-
duce immune augmenting cytokines in re-
sponse to the mycobacteria (Brown, Sheridan,
Pearl, & Zwilling, 1993).

The effects of stress in experimental ani-
mals may have important implications in hu-
man disease. In an extensive study, tubercular
patients were shown to have a dramatic in-
crease in the number of stressful life events
approximately 2 years prior to their hospital-
ization (Homes, Hawkins, Bowerman, Clarke,
& Joffe, 1957). Likewise, mortality due to tu-
berculosis has been shown to be higher in sub-
jects who have experienced divorce (Somers,
1979). It is possible that the reactivation of tu-
berculosis may be a consequence of suscepti-

ble populations being affected by stressors.
Stress, mediated by neuroendocrine-immune
interactions, may significantly contribute to
this infectious disease, which continues to be
a serious health hazard worldwide.

Viral Infections

Colds and influenza have been useful
models to evaluate the role of psychoneuro-
immunology in human disease. As discussed
previously, Cohen et al. (1991) evaluated the
significance of psychosocial factors on the
common cold. Subjects were inoculated with
respiratory viruses, and the risk of developing
the infectious disease was directly associated
with chronic stress. This study and many oth-
ers showed similar effects of stress on the de-
velopment of colds and influenza but no direct
effect of stress on the immune system of the
more susceptible individuals (Clover, Abell,
Becker, Crawford, & Ramsey, 1989).

Many other studies have evaluated the ef-
fects of stress on latent viral infections caused
by herpes simplex virus, EBV, and HIV. These
viruses are typically latent in humans, and the
hypothesis that stress favors viral reactivation
has been evaluated. These studies have shown
that exposure to acute psychological stressors
(e.g., examinations and spousal discord) and
chronic psychological stressors (e.g., nuclear
disaster and caregiving) is associated with
high antibody titers to these viruses. These vi-
ruses are thought to be controlled by normal
host cell-mediated immune response. When
stress reduces the cell-mediated immune re-
sponse, the virus replicates and stimulates an
antibody response that is typically non-
protective (Kiecolt-Glaser et al., 1991). In the
case of genital herpes, Kemeny, Cohen,
Zegans, and Conant (1989) showed that a neg-
ative mood state was correlated with a de-
crease in CD8+ lymphocytes (the principal
effector against herpesvirus) and herpetic le-
sion recurrence. Likewise, psychological
stress has been shown to predispose an indi-
vidual to the onset of infectious mononucleo-
sis (Glaser et al., 1991). This work remains
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controversial, however, and the role of psy-
choneuroimmunology in latent viral infec-
tions, viral reactivation, and immune stimula-
tion requires further investigation.

Fungal Infections

Although the association between emo-
tional stress and infectious mycological dis-
ease has been long suspected, only recently
has considerable attention been paid to this as-
sociation. Fungal infections are well-known
to be associated with the stressful conditions
of pregnancy, surgical trauma, cancer, organ
transplants, long-term antibiotic use, cortico-
steroid therapy, diabetes mellitus, critical ill-
ness, and prematurity (Reszel, Mishra, Mishra,
& Pierson, 1993; Shareef, Myers, Nagab-
hushan, Mathews, & Witek-Janusek, 1998;
Witek-Janusek, Cusack, & Mathews, 1998).

Stress hormones such as cortisol and
adrenaline are known to enhance patho-
genesis of experimental fungal disease (Odds,
1988). For example, Candida albicans and te-
lated fungi are endogenous opportunists, and
infections with these fungi are typically asso-
ciated with debilitating or predisposing condi-
tions or both. Candida infections are the first
symptom of active AIDS to appear in HIV-
positive individuals. One factor shared by
AIDS patients and the other susceptible indi-
viduals described previously is hormonal im-
balance resulting from HPA axis activation.
Furthermore, emotionally affected women
who perceive their situation to be stressful
have a higher incidence of vaginal Candida
infections (Reszel et al., 1993). Candidiasis
also appears frequently in people undergoing
surgery, a unique form of stress that involves
emotional stressors (anxiety), chemical stress-
ors (anesthesia), and physical stressors (sur-
gery) (Mishra et al., 1994). Similarly, the
emotional stress of divorce has been posi-
tively correlated with increased incidence of
the carriage of Candida (Reszel et al., 1993).
Such associations of stress and fungal infec-
tion in vulnerable populations are only begin-
ning to be understoed.
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> STRESS-IMMUNITY AND
NURSING SCIENCE

The holistic view of human nature ascribed to
by the discipline of nursing is harmonious
with the philosophical underpinnings of
psychoneuroimmunology (McCain & Smith,
1994: Zeller, McCain, & Swanson, 1996). As
a result, nurse researchers have used a
psychoneuroimmunological framework in
their research and have made significant con-
tributions to the scientific growth of this field.
Nurse investigators have examined stress-im-
mune interactions in a variety of immune-
based illnesses, including asthma, HIV, and
cancer. In addition, nurse scientists have doc-
umented the immunosuppressive nature of
postoperative pain and the effects of stress on
wound healing. A psychoneurouimmuno-
logic framework has also been used to under-
stand the immunologic implications of child
birth and postpartal stress on maternal-infant
well-being. Some of these studies are ad-
dressed in the following discussion.
Asthmatic symptoms can often be initi-
ated and potentiated by stresstul life events.
Kang et al. studied the effect of examination
stress in asthmatic and nonasthmatic adoles-
cents. Their results revealed that examination
stress produces significant alterations in cir-
culating immune cell subsets and in both
proliferative and cytolytic activities. No dif-
ferences were found between the asthmatic
and nonasthmatic adolescents, however. Both
healthy and asthmatic adolescents reported
similar levels of stress and similar changes in
immune cell numbers and function (Kang,
Coe, Karaszewski, & McCarthy, 1998; Kang,
Coe, & McCarthy, 1996). The lack of a rela-
tionship between asthma status and social
support was believed to be due to the stability
and well-managed nature of this asthmatic
population (Kang, Coe, McCarthy, & Ershler,
1997). In a similar study, examination stress
in adolescent asthmatics produced a bias to-
ward a Th2-like pattern of cytokine produc-
tion compared to that of nonasthmatic adoles-
cents (Kang, Coe, McCarthy, et al., 1997).
These studies are suggestive and need to be
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replicated in asthmatics with less stable dis-
ease and in naturalistic situations of more in-
tense or chronic stress or both.

The laboratory of Gayle Page conducted
a series of compelling experiments in ro-
dents that showed that untreated postoperative
pain led to impaired NK cell activity and
enhanced tumor metastases (Ben-Eliyahu,
Page, Yirmiya, & Shakhar, 1999; Page & Ben-
Eliyahu, 1997; Page, Ben-Eliyahu, & Liebes-
kind, 1994; Page, Ben-Eliyahu, Yirmiya, &
Liebeskind, 1993). In her model, rats were
subjected to laparotomy and injected with NK
cell-sensitive radiolabeled tumor cells that
metastasized to the lung. Rats that were
treated with morphine, and that exhibited
signs of pain relief, had significantly less
radiolabeled tumor in the lung, fewer meta-
static lesions on the lung, and higher postop-
erative NK cell activity (Page et al,, 1993,
1994). These results suggest that untreated
postoperative pain leads to impaired immune
function (e.g., reduced NK cell activity) and
potentially increased organ localization of tu-
mor emboli. In addition, this research group
has demonstrated that the degree of postoper-
ative pain immunosuppression is related to the
estrus stage of the rat, suggesting that repro-
ductive hormones may affect the stress-im-
mune response to surgical stress (Ben-
Eliyahu, Page, Shakhar, & Taylor, 1996). As a
whole, the studies of Page and colleagues in-
dicate that the treatment of pain is necessary
not only to alleviate suffering but also to pre-
vent pain-induced immunosuppression and
possible tumor metastatic spread. Although
these observations have been made in animal
models, others have shown in humans that
surgery for tumor resection leads to a postop-
erative reduction in NK cell activity compared
to preoperative levels (Pollack, Lotzova, &
Stanford, 1992). Evidence that healing and re-
covery from surgery are potentially altered by
stress has also been provided by Wysocki
(1996), who found that noise stress delayed
wound healing in an animal model. Also, Mc-
Carthy, Ouimet, and Daun (1991) have pro-
vided evidence that noise stress alters lym-
phoid cell function needed for tissue repair.
The previously discussed results support the

supposition that an individual’s psychological
state can influence surgical recovery by alter-
ing various aspects of immunity (Kiecolt-
Glaser, Page, Marucha, MacCullum, &
Glaser, 1998).

Immunity and HIV Progression

Living with HIV is replete with multiple
stressors, and nurse scientists have contrib-
uted to the supposition that the stress-endo-
crine-immune axis is implicated in HIV dis-
ease progression (McCain & Cella, 1995;
McCain & Gramling, 1992; Robinson,
Matthews, & Witek-Janusek, 1999a; Robin-
son et al., 1999b). Stress-induced neuro-
endocrine activation leads to elevations in
plasma cortisol. In vitro, physiological con-
centrations of cortisol increase HIV replica-
tion in monocyte-derived macrophages, sug-
gesting a potential role for stress hormones in
HIV disease activation and progression
(Swanson et al., 1998). The effectiveness of
stress-reducing interventions in HIV disease
has been evaluated by McCain et al. In a pre-
test-posttest design, the effect of a 6-week
stress management program in HIV disease
was evaluated (McCain et al., 1996). Outcome
measures at 6 weeks and 6 months included
perceived stress, quality of life, psychological
distress, illness-related uncertainty, and CD4+
T lymphocyte levels. Although the program
improved measures of emotional well-being,
no significant changes in CD4+ lymphocyte
levels were detected. It is likely that CD4+
lymphocyte number may not be a sensitive in-
dicator of improvement in immune function,
and other types of immunological assessment
may yield more positive results.

In an ongoing intervention study, Robin-
son and colleagues are examining the efficacy
of an 8-week, mindfulness meditation-based
stress-reduction program on psychoimmune
variables in HIV-positive individuals. These
investigators are measuring NK cell activity,
which is an important host defense mecha-
nism against viral infections, and opportunis-
tic microbial infections, which cause signifi-
cant morbidity and mortality in HIV-positive




patients. Preliminary data from the study sug-
gest a positive effect of this program on psy-
chological well-being and immune status
(Robinson et al., 1999a). Undoubtedly, nurse
investigators will continue to explore the role
of stress in HIV disease management and pro-
gression.

Stress-induced immunosuppression may
have special relevance to the nursing care of
cancer patients who undergo immuno-
suppressive therapies. The emotional stress of
undergoing breast biopsy for cancer diagnosis
has been clearly demonstrated and presents a
useful human paradigm to study psychologic
stress (Hooper, Mathews, & Witek-Janusek,
1997, Witek-Janusek & Mathews, 1999b).
Anticipation of breast cancer diagnosis has
been shown to alter immune cell subsets
(Fillion, Lemyre, Mandeville, & Piche. 1996)
and TH1 and TH2 cytokine production
(Witek-Janusek & Mathews, 1999b). The ef-
fect of stress on gene transcription factors
has been investigated in women undergoing
diagnostic breast biopsy. Gene transcription
factors play a significant role in the immune
response and can regulate the production
of cytokines (Wulczyn, Krappmann, &
Scheidereit, 1996). In the diagnostic breast bi-
opsy paradigm, nuclear localization in lym-
phocytes of two transcription factors, NF-
kapB and AP-1, was decreased in women ex-
periencing  significant emotional  stress,
whereas when stress was relieved (post-
biopsy) the nuclear localization of these gene
transcription factors was similar to those of
age-matched control women (Nagabhushan,
Mathews, & Witek-Janusek, 2000). If and
how these factors relate to the modification of
immune function and to cancer outcome re-
main to be determined, but such studies will
move this field to a molecular understanding
of the effects of stress.

Nurse researchers have used a psycho-
neuroimmunologic approach toward under-
standing the impact of childbirth and
postpartal stress on maternal child health.
Maureen Groer and her research team at the
University of Tennessee College of Nursing
have demonstrated that childbirth stress leads
to a reduction in maternal secretory immuno-
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globulin A (sIgA). This reduction was most
pronounced in women who reported an in-
creased state of anxiety. Women with very
low or undetectable levels of sIgA had a
greater incidence of postpartal complications,
and their infants had more illnesses. These re-
sults indicate that the stress of childbirth can
have profound effects on maternal immune
function, which can alter the clinical course of
mothers and that of their infants (Annie &
Groer, 1991). Interestingly, Groer, Mozingo,
et al. (1994) demonstrated that touch, pro-
vided by a 10-minute slow-stroke effleurage
back rub, was shown to increase sIZA levels in
elderly adults. Tt remains to be determined if
such an intervention may blunt the decrease in
sIgA observed during parturition. Other nurse
investigators have demonstrated that gluco-
corticoid hormones can profoundly influ-
ence the pattern of cytokine production (i.e.,
colony-stimulating  factors) from neonatal
mononuclear cells obtained from umbilical
cord blood. Such immunomodulation may al-
ter the newborn’s ability to resist infec-
tious pathogens (Witek-Janusek & Mathews,
1999b).

The unique psychologic and immuno-
logic relationship between a breast-feeding
mother and her infant is an intriguing para-
digm in which to evaluate the stress-immune
relationship. Stress-induced alterations in ma-
ternal immunity in breast-feeding mothers
could potentially alter their capability to pro-
vide optimal levels of immunoglobulins for
their infants. Postpartal mothers of preterm in-
fants report high levels of mood disturbance
compared to the general population. Mothers
who score higher on negative mood subscales
of the Profile of Mood States produce less
milk sIgA than those who report lower nega-
tive mood states. Conversely, mothers who re-
port higher vigor and anger produce greater
amounts of milk sIgA (Groer, Droppleman, &
Mozingo, 1999). Interestingly, an inverse rela-
tionship between cortisol levels and sIgA in
breast milk has been reported, such that the
higher milk cortisol was associated with lower
milk sIgA. It is plausible that increased mater-
nal stress leads to elevated plasma and milk
cortisol. Higher levels of milk cortisol may
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impair milk immune cell production of
immunoglobulins or other immune cell func-
tions or both (Groer, Humenick, & Hiil, 1994;
Groer et al., 1999). Such stress-induced alter-
ations in milk endocrine and immune compo-
sition may potentially impact the immuno-
logic benefits that infants receive from breast
milk and certainly require additional investi-
gation. This is especially relevant to prema-
ture and low-birth-weight infants, who are at
high risk for infectious illness.

> FUTURE DIRECTIONS AND
NURSING IMPLICATIONS

The guiding premise of psychoneuro-
immunology is that stress-induced impair-
ment of immune function influences disease
progression or response to therapy or both.
These types of investigations are directed to-
ward an understanding of the effect of the
psychoendocrine stress response on the im-
mune system, particularly within the context
of cancer, autoimmune disease, infectious
disease, and maternal child health. Nurses
must recognize the potential effectiveness of
biobehavioral approaches to the care of pa-
tients with immune-based disease. Such ap-
proaches to stress management may not only
improve the quality of life and emotional
well-being of targeted populations but also
halt disease progression or complications
from opportunistic infection or both.
Complementary and alternative therapies
integrate preventive and curative therapies
that consider the whole person and are used to
“complement” traditional approaches to ill-
ness. The use of complementary and alterna-
tive therapies by American health care con-
sumers has markedly increased; rigorous
scientific testing of such practices has lagged
behind, however (Eisenberg et al, 1998;
Fontanarosa & Lundberg, 1998). Increased
use of massage, touch, meditation, acupunc-
ture, yoga, botanical herbs, guided imagery,
and behavioral-based stress reduction pro-
grams has spurred a renewed interest in un-
derstanding the scientific basis for such ap-

proaches toward healing and health mainte-
nance. This integrative biobehavioral, mind-
body, therapeutic approach is harmonious
with the view of psychoneurcimmunology
and that of nursing science.

As discussed previously, the links among
one’s emotional state, neuroendocrine activ-
ity, and immune response are well described.
Future emphasis needs to be placed on under-
standing the mechanism(s) of stress-induced
immune dysregulation and the relationship
between stress-induced immune dysregu-
lation and health outcome. That is, do stress-
induced changes in immunity alter health,
and can stress-reducing interventions that
strengthen immunity halt disease progression
and improve health? These are critical ques-
tions that require intensive empirical investi-
gations using human paradigms of stress.
Such approaches will lead to a better under-
standing of disease and to better diagnosis,
treatment, or both of stress-induced immune
dysfunction. The results will provide the sci-
entific foundation that will lead to the identifi-
cation of individuals “at risk™ for psychologi-
cal distress and altered immune reactivity.
Such identification will permit the develop-
ment of psychologically based interventions
designed to reduce stress, promote immuno-
competence, and hence improve health. Such
interventions may prove to be cost-effective
additions to traditional forms of treatment or
therapy or both and hold promise for disease
control. Ultimately, this will serve to enhance
the quality and the quantity of life.
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Aberrant Nuclear Expression of AP-1 and NFkB in Lymphocytes of
Women Stressed by the Experience of Breast Biopsy

Moolky Nagabhushan,*+ Herbert L. Mathews,* and Linda Witek-Janusekt

*Department of Microbiology and Immunology, Stritch School of Medicine and tDepartment of
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We have investigated the expression of AP-1 and NFKB in peripheral blood lymphocytes
of women scheduled for breast biopsy. Samples were collected when women were informed
of the need for biopsy (prebiopsy. T1, 5-7 days prior to the actual biopsy) and 7-10 days
after they learned the result of their biopsy (postbiopsy, T2). At the time of blood collection,
psychological stress was evaluated using Speilberger’s State Trait Anxiety Inventory
(STAI) and the Profile of Mood States (POMS). Women scheduled to undergo breast bi-
opsy reported significant increases in anxiety (STAI) and mood disturbance (POMS). Gel
shift mobility assays showed that mitogen stimulated peripheral blood lymphocytes of
these women were less capable of the nuclear expression of AP-1 or NFkB at T1. Similar
assessments, 7-10 days after the women learned of the results of their breast biopsy.
showed these same women to have a marked reduction in anxiety and mood disturbance
and an increased nuclear translocation of AP-1 and NFkB. These results show a significant
decrease in nuclear AP-1 and NFkB expression during the period of emotional distress
prior to biopsy with a return of nuclear transcription activity to normal levels when distress
was relieved. Several studies have correlated increased psychological stress with decreased
immune function. The results of this study suggest that psychological stress may mediate
immunosuppression by altering the expression of the transcription factors, AP-1 and NFkB.
© 2001 Academic Press

Key Words: transcription factors: NFkB: AP-1; breast biopsy: psychological stress: hu-
man peripheral blood lymphocytes; gel shift assay: cancer.

INTRODUCTION

A number of studies have explored the relationship between psychological stress
and the immune response (Glaser, Rice, Sheridan, Fertel. Stout. Speicher, Pinsky,
Kotur, Post, Beck. & Kiecolt-Glaser, 1987, Whiteside & Herberman, 1994). Those
studies have assessed stress and immunity in medical students during classroom ex-
aminations, caregivers of diseased patients, individuals undergoing exercise-induced
stress, volunteers exposed to experimental laboratory stress, and women with breast
cancer (Glaser, Rice, Sheridan, Fertel, Stout, Speicher, Pinsky, Kotur, Post, Beck, &
Kiecolt-Glaser, 1987; Whiteside & Herberman, 1994; Anderson, Farrar, Golden-
Kreutz, Kreutz, Kutz, Maccallum, Courtney, & Glaser, 1998). Stressed individuals
showed decreased lymphoblast transformation in response to mitogens (Dobbin,
Harth, McCain, Martin, & Cousin, 1991); increased Epstein—Barr virus, Herpes sim-
plex virus, and cytomegalovirus reactivation (Bonneau, Zimmerman, lkeda, & Jones,
1998); dysregulation of cytokines (Marshall Jr, Agarwal, Loyod, Cohen, Hen-
ninger, & Morris. 1998); elevated secretion of proinflammatory cytokines; and de-
creased natural killer cell activity (Mae, Song, Lina, Jongh, Van Gastel. Kenis, Bos-
mans, De Meester, Benoy, Neels, Demedts, Janca, Scharpe, & Smith, 1998;
Whiteside & Herberman, 1994).
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NFkB and AP-1 are transcription factors that regulate lymphocyte function. Nu-
clear expression of these transcription factors is increased during lymphocyte activa-
tion, cytokine secretion, and latent viral reactivation. Agents that are known to block
lymphocyte activation are immunosuppressive and inhibit NFkB and AP-1 activity
(Kopp & Ghosh, 1995). Thus we hypothesized that stress may alter the expression
of these transcription factors. Experiments were designed to evaluate the expression
of NFkB and AP-1 in the peripheral blood lymphocytes isolated from women pre-
and postbreast biopsy. This experimental design provides a naturalistic psychological
stress paradigm in which the effects of stress can be evaluated.

METHODS

Mononuclear cells were prepared from heparinized whole blood by Ficoll-Hy-
paque separation (Sigma. St Louis, MO). Mononuclear cells were cultured at a den-
sity of 1 X 10°/ml/well in triplicate with or without phorbol I2-myristate 13-acetate
and phytohemagglutinin (PMA + PHA), for 48 h at 37°C as described previously
(Witek-Janusek & Mathews. 1999). Phenotypic analysis of mononuclear cells was
performed with flurochrome conjugated antisera by flow cytometry with a Becton—
Dickinson FACStar Plus System (Hialeah. FL). T lymphocytes were identitied with
anti-CD3¢. B lymphocytes with anti-Ig. and NK cells with anti-CD36. from Phar-
Mingen (San Diego. CA). The nonadherent cells (>99% lymphocytes as judged by
Wright-Giemsa staining) were then harvested. treated with lysing bufter (1) mM
Tris-HCI. pH 7.4. 2 mM magnesium chloride, 140 mM sodium chloride. 0.5 mM
dithiothreitol. 0.5 mM phenylmethylsulfony!l fuoride. and 0.1% tritonX100). and
stored at —70°C. The samples were thawed at 37°C in a water bath. The nuclear
extract was prepared as described previously (Singh & Aggarwal. 1995). NFKB and
AP-1 double standard oligonucleotides (Promega. Madison. WI) were end-labeled
with [7-"P]-ATP (Amersham. Arlington Heights. [L). One microliter (30.000 cpm)
of labeled probe was incubated with 3 ul of nuclear extract (protein concentration.
5 ug) and binding bufter (15 mM Tris-HCL. pH 7.5. 7.5% glycerol. 75 mM sodium
chloride. 1.5 mM EDTA, 1.5 mM dithiothreotol. 0.5 mM phenylmethylsulfonyl Huo-
ride. 0.3% NP-40. and 20 pg bovine serum albumin). tinal volume 25 ul for 30 min
at 25°C and separated with a 4% nondenaturing polyacrylamide gel for 1.5 h with
0.5% TBE (Singh & Aggarwal. 1995). The gels were vacuum dried for | h and
exposed to X-ray film for 12 h at =70°C. The developed autoradiograms were densi-
tometrically quantitied with an Alphaimager 2000 version 4.03 (Innotech Corp. San
Leandro. CA) video image analyzer. The specificity of shifted bands was confirmed
by incubating first with a 10-fold excess of cold oligonucleotides and then with radio-
actively labeled oligonucleotides. Results are expressed as percentage of positive
control (100%. PMA and PHA stimulated nuclear extracts from normal. nonstressed
individuals) for each gel.

Sixteen women. 52.1 = 3.7 vears of age. were enrolled from the Loyola University
Breast Care Center on the day that their physician recommended the need for a breast
biopsy. After signing an informed consent. blood samples (16 ml) were obtained by
venipuncture and the psychological assessments were administered in a private area
adjacent to the clinic. At approximately 5-7 days after T1. the study women under-
went breast biopsy. These same women were also sampled post biopsy (T2). T2
occurred 7-10 days after the women learned the results of their breast biopsy. At
this time the women met with the study's nurse researcher at the Breast Care Center,
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TABLE |
Evaluation of Psychological Stress in Breast Biopsy Patients
Psychological test T1, Prebiopsy T2. Postbiopsy Normal controls
POMS 2071 0.2 = 6.9 22 +93
STAI 427 = 4.4 278 £ 22 272+ 1.7

Note. Values represent mean * standard error of meun. POMS. Profile Of Mood State: STAL State
Trait Anxiety Inventory; T1, Time 1, prior to breast biopsy: T2. Time 2. 7-10 days after breast biopsy

resuits were known.
* Statistically significant p < .05 from T2 and controls.

their blood was collected. and the psychological instruments were administered. Age-
matched. nonstressed control women were solicited from within the University com-
munity. At a convenient time these women were met in a University office setting.
In a procedure similar to that for the biopsy group. their blood was obtained by
venipuncture and the same psychological instruments were administered. Control
women were sampled at one time point only.

For the purposes of this study. anxiety wus assessed using Speilberger’s State Anxi-
ety Inventory (STAD and mood was assessed using the Profile of Mood States
(POMS). The STAI measures the state of anxiety and it is designed to assess “"state
of mind™* or anxiety at the moment. The STAI has alpha reliability coetficients of
0.83-0.92 and convergent validity with other anxiety instruments (alpha 0.75-0.80).
The POMS is a reliable and valid tool designed to identify and assess general distress
and mood. It has internal consistency reliabilities of 0.87-0.95. and stability coeffi-
cients (test—retest) of 0.65-0.74 (Spielberger. Gorsuch. Lushene. Vage, & Jacobs,
1970: McNair. Lorr. & Droppleman. 1992). These instruments were used to reflect
the level of psychological distress experienced by these women pre and post breast
biopsy. This study was approved by the Institutional Review Board for the study of
Human Subjects of Loyola University Medical Center.

RESULTS

Table 1 shows the psychological protile of women pre biopsy (T1) and post biopsy
(T2). Mood disturbance and anxiety. as measured by the POMS and STAI showed
a significant (p < .05) decrease from pre- (T1) to postbiopsy (T2). These results
demonstrated that the women experience two forms of psychological distress, anxiety
and mood disturbance. at T1. At T2. reduced anxiety and improved mood were dem-
onstrated and were not difterent from nonstressed. age-matched. control women.
Electrophoretic mobility shift assays were used to quantify the AP-1 and NFkB activ-
ity in the stimulated peripheral blood lymphocytes of the subjects. Lymphocytes ob-
tained at T1 exhibited lower expression of nuclear NFkB and AP-1 compared to T2
(Table 2). No change in nuclear localization of another transcription factor. Oct-1.
was noted either before or after biopsy. Examples of the electrophoretic mobility
shift assays are presented in Figs. 1. 2. and 3. The reduction in expression of AP-1
and NFkB was greater for NFkB than AP-1. Follow-up of these patients at the post-
biopsy period (T2) showed NFkB and AP-1 activity to be higher (p < .001) than
that observed at T1. From T1 to T2 the NFKB activity increased nearly threefold.
while that of AP-1 nearly doubled. No phenotypic differences were observed in the
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TABLE 2
Evaluation of Peripheral Blood Lymphocytes of Breast Biopsy Patients

Percentage of Positive Control

Transcription factor T1. Prebiopsy T2, Postbiopsy Normal controls
NFkB 328 = 5.3¢ 1043 £ 3.2 105.9 £ 3.8
AP-1 57.4 = 5.1¢ 107.8 = 2.7 94.7 = 5.1
Oct-1 101.8 = 4.2 102.6 £ 3.9 1009 = 5.0
Lymphocyte Population % )

T 71.8 £ 9.0 72.2 = 8.1 70.7 £ 5.6
B 16.1 = 5.1 14.7 £ 4.8 17.8 £ 54
NK 13.0 = 11.7 126 £ 9.2 11.3 = 6.6

Note. Percentage of AP-1 and NFkB activity in the nuclear extracts of peripheral blood lymphocytes
stimulated with PMA/PHA for 48 hrs. Decreased NFkB and AP-1 activity were observed prebiopsy
(T1). When the stress was relieved, postbiopsy (T2). AP-1. and NFKB nuclear activity increased. A
positive normal (nonstressed) control ( 100% activity) was examined for each set of samples for calculat-
ing relative percentage activity. Values represent mean = standard error of mean. No statistically signifi-
cant differences were observed in the percentage of Oct-1 nuclear activity. No statistically significant
differences were observed between the percentages of the individual lymphocyte populations analyzed

between groups.
« Statistically significant p < .00l when compared to T2 and normal controls.

FIG. 1. Representative electrophoretic mobility shift assessment of NFkB nuclear localization in
extracts from the lymphocytes of a woman pre- and postbiopsy. Lane | contains the PMA and PHA
stimulated nuclear extract from the lymphocytes of a normal, nonstressed individual. Lanes 2 and 3
contain the PMA and PHA stimulated nuclear extracts from lymphocytes of a woman prior to biopsy.
Lanes 4 and 5 contain the PMA and PHA stimulated nuclear extracts from lymphocytes of the same
woman postbiopsy. Lanes 2-5 are extracts derived from the lymphocytes of one woman. Densitometric
quantification of the autoradiographic results were calculated for both of the bands in each lane. The
results for the higher molecular weight band are presented in Table 2.
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T 2 3

FIG. 2. Representative electrophoretic mobility shift assessment of AP-1 nuclear localization in
extracts from the tymphocytes of 4 woman pre- and postbiopsy. Lane | contains the PMA und PHA
stimulated nuclear extract from the lymphocytes of a normal. nonstressed individual, Lane 2 contains
the PMA and PHA stimulated nuclear extract from fymphoeytes of a woman prior to biopsy. Lune 3
contains the PMA and PHA stimulated nuclear extract from lymphocytes of the sume woman postbiopsy.

1 2 3 4 5 6 789
“ﬁﬁﬁ"l‘r#“‘

FIG. 3. Representative electrophoretic mobility shift assessment of Oct-1 nuclear localization in
extracts from the lymphocytes of women pre- and postbiopsy. Lane 1 contains the PMA and PHA
stimulated nuclear extract from the lymphoeytes of a normal. nonstressed individual. Lanes 2.3, 4, and
5 contain the PMA and PHA stimulated nuelear extracts from lymphocytes of women prior to biopsy-
Lanes 6. 7, 8, and 9 contain the PMA and PHA stimulated nuclear extracts from lymphocytes of women
postbiopsy. Lanes 2-9 are extracts derived from the lymphocytes of lour women and are presented
sequentially with the following pairings (Lane 21 pre- and (Lanc 6) postbiopsy from the same woman.
(Lane 3) pre- and (Lane 7) postbiopsy from the same woman. cte.
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women'’s lymphocyte populations from T1 to T2. The activity of the transcription
‘actors in women after the experience of breast biopsy was similar to that of age-
matched and nonstressed women.

DISCUSSION

We have examined nuclear localization of two transcription factors, NFkB and
AP-1, in lymphocytes isolated from the peripheral blood of women scheduled to
undergo biopsy for suspected breast cancer. The blood samples were collected at
two different time intervals. before and after breast biopsy. The prebiopsy sampling
occurred on the day the woman’s physician informed her of the need for a breast
biopsy. At this time the women exhibited increased anxiety and mood disturbance.
which was most likely related to the uncertainty associated with an impending biopsy
of the breast. From pre to postbiopsy there was a clear decrease in the anxiety and
mood disturbance expressed by these women. These changes in anxiety and mood
disturbance were reflected by changes in NFkB and AP-1. The nuclear levels of
these transcription factors were decreased prebiopsy or during the time of heightened
psychological stress: while at postbiopsy both the psychological stress and the tran-
scription factors returned to that of nonbiopsied control women.

Experimental studies in animals and clinical studies in humans suggest that psycho-
logical stress decreases immune function and increases the risk for infectious disease
and the reactivation of latent viruses. NFkB regulates the expression of gene products
such as cytokines. acute phase proteins. and adhesion molecules. These are necessary
components of immunity which ensure effective protection from infectious disease
(Dobbin. Harth. McCain. Martin. & Cousin. [991: Bonneau. Zimmerman. lkeda, &
Jones. 1998: Mue. Song. Lina. Jongh. Van Gastel. Kenis. Bosmans. De Meester.
Benoy. Neels, Demedts. Janca. Scharpe. & Smith. 1998: Kopp & Ghosh. 1995). It
is possible that a stress-induced decrease in NFkB and AP-1 activity may down regu-
late the secretion of important cytokines that promote an effective immune response
and are required for optimal protection from infection. This is especially important
tfor cancer patients undergoing immunosuppressive chemotherapy. Decreased immu-
nity in cancer patients may not only increase susceptibility to infection but may also
accelerate the growth and progression ot cancer (Cohen & Rabin. 1998). In a recent
study. reduced translocation of lymphocyte transcription factors was observed in
women with breast cancer. Those authors speculated that a defect in transcription
tactor translocation may be related to breast cancer (Kurt, Urba. Smith. & Schoof.
1998). Although the design of this study does not permit a causal interpretation. the
data does suggest that the emotional distress associated with impending breast biopsy
may influence the capacity of lymphocytes to translocate nuclear transcription factors.
Therefore. psychological stress may be an important modulator of transcription fuc-
tors which. in turn. may result in reduced immune function at the level of transcrip-
tion.

NFkB. AP-1. and other transcription factors act together to regulate and activate
components of the immune system. To our knowledge. this is the first report sug-
gesting a possible molecular mechanism whereby psyvchological stress may modulate
immune function. Because NFKB. AP-1. and related transcription factors play a cen-
tral role in the immune system (Kopp & Ghosh. 1995: Thomas. Tymms. McKinlay.
Shannon. Seth. & Kola. 1997). they may be a marker or means by which to measure
the overall effect of stress upon immune function.
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ABSTRACT

Biopsy of the breast for cancer diagnosis is an emotional experience, characterized by anxiety and fear.
This experience may impair immune responses. This study evaluated a woman's immunological and
psychological response pre and post breast biopsy. Perceived stress, anxiety, and mood disturbance were
heightened pre-biopsy. Post-biopsy; perceived stress, anxiety, and mood disturbance decreased but did
not return to levels reported by non-biopsied control women. Natural killer cell activity was significantly
depressed pre and post biopsy, when compared to non-biopsied, control women. Post biopsy, natural
killer cell activity was less than that exhibited pre biopsy. No changes in number of NK cells were
observed at either pre or post biopsy time points. Production of INFy was significantly reduced pre and
post biopsy and production of IL-4, IL-6, and IL-10 were significantly increased by the experience of
breast biopsy. Thus, impending breast biopsy is marked by increased perceived stress, anxiety, and mood
disturbance, which is relieved post-biopsy, but does not return to levels reported by non-biopsied women.
Associated with the stress of breast biopsy was depressed natural killer cell activity and altered cytokine

production.

Key words: Psychological stress, mood disturbance, breast biopsy; breast cancer; human peripheral
blood lymphocytes; natural killer cells; IL-2; IL-4; IL-6; IL-10; interferon y



INTRODUCTION

The experience of breast cancer diagnosis is a time of considerable uncertainty, anxiety, and emotional
distress (Northouse, L. L., Jeffs, M., Cracchiolo-Caraway, A., Lampman, L., & Dorris, G., 1995; Deane,
K. A. & Degner, L. F., 1998). This emotional experience often begins with the discovery of clinical
findings that indicate the need for biopsy of the breast (Benedict, S., Williams, R. D., & Baron, P. L.,
1994). In the United States, approximately 1.5 million women undergo breast biopsy annually (Venta, L.
A., 2000). Biopsy of the breast and the concomitant uncertainty and fear of a cancer diagnosis is
stressful (Nagabhushan, M., Mathews, H. L., & Witek-Janusek, L., 2001; O'Mahony, 2001). Women
experience high levels of anxiety after the discovery of a breast lump (MacFarlane, M. E. & Sony, S. D,,
1992) and at the time of biopsy they report higher levels of stress compared to patients awaiting general
surgery (Hughson, A. V., Cooper, A. F., McArdle, C. S., & Smith, D. C., 1988). Reciprocal neuro-
chemical pathways and shared receptor systems connect the nervous, endocrine, and immune systems
(Madden, K. S. & Felten, D. L., 1995; Weigent, D. & Blalock, J., 1999) and this multi-system network is
thought to maintain homeostasis in the presence of changing demands from the external environment.
This intricate communication network provides the link whereby perceived environmental stressors or
demands, such as biopsy of the breast, may effect the immune system and influence the course of disease

(Witek-Janusek, L. & Mathews, H., 2000).

A large body of evidence has documented the impact of psychosocial stress on the human immune
response (Hillhouse, J. E., Kiecolt-Glaser, J. K., & Glaser, R., 1991). Stress-induced immunosuppression
accompanies a variety of acute and chronic life stressors such as bereavement (Irwin, M., Daniels, M.,
Bloom, E. T., Smith, T. L., & Weiner, H., 1987), depression (Weisse, C. S., 1992), marital conflict
(Kiecolt-Glaser, J. K., Malarkey, W. B., Chee, M., Newton, T., Cacioppo, J. T., Mao, H. Y., & Glaser,

3



R., 1993), academic exam stress (Kiecolt-Glaser, J. K., Glaser, R., Strain, E. C., Stout, J. C., Tarr,K. L.,
Holliday, J. E., & Speicher, C. E., 1986), and caregiving in chronic disease (Kiecolt-Glaser, J. K., Glaser,
R., Shuttleworth, E. C., Dyer, C. S., Ogrocki, P., & Speicher, C. E., 1987). Several studies have
examined the relationship between stress and natural killer cell activity (NKCA) and these studies have
shown ‘that stress can influence NKCA (Trinchieri, G., 1989). Andersen et al. (Andersen, B. L., Farrar,
W. B., Golden-Kreutz, D., Kutz, L. A., MacCallum, R., Courtney, M. E., & Glaser, R., 1998) studied the
stress-immune response of 116 women who were diagnosed with invasive breast cancer (Stage I and III).
Women were enrolled within four months of their breast surgery but prior to adjuvant therapy initiation.
The results of that study indicated that higher stress levels were predictive of lower NKCA, diminished
natural killer (NK) cell response to IFN v, and decreased lymphocyte proliferation (Andersen, B. L.,
Farrar, W. B., Golden-Kreutz, D., Kutz, L. A., MacCallum, R., Courtney, M. E., & Glaser, R., 1998). It
is possible that stress may influence cancer control. Although a direct relationship between NKCA and
cancer has not been equivocally established, patients with a variety of solid tumors (e.g., breast, cervix,
endometrium, ovary, lung) do exhibit reduced NKCA (Pross, H. F. & Lotzova, E., 1993). Recent data,
albeit in gene-depleted mice, provides evidence that NK cells mediate protection from tumor initiation
(van den Broek, M. E., Kagi, D., Ossendorp, F., Toes, R., Vamvakas, S., Lutz, W. K., Melief, C. J.,
Zinkernagel, R. M., & Hengartner, H., 1996; Street, S. E., Cretney, E., & Smyth, M. J., 2001), primary
tumor growth (van den Broek, M. E., Kagi, D., Ossendorp, F., Toes, R., Vamvakas, S., Lutz, W. K.,
Melief, C. J., Zinkernagel, R. M., & Hengartner, H., 1996), and tumor metastasis (Smyth, M. J., Thia, K.
Y., Cretney, E., Kelly, J. M., Snook, M. B., Forbes, C. A., & Scalzo, A. A., 1999; Street, S. E., Cretney,

E., & Smyth, M. J., 2001).

The effects of stress upon the immune system extends not just to NK cells but also to the production of

cytokines. Heightened levels of stress are related to decreased synthesis of IFN y (Glaser, R., Rice, J.,



Speicher, C. E., Stout, J. C., & Kiecolt-Glaser, J. K., 1986) and a poorer NK response to IFN y and IL-2
has been observed in stressed individuals compared to non-stressed individuals (Fawzy, F. 1., Kemeny,
M. E., Fawzy, N. W, Elashoff, R., Morton, D., Cousins, N., & Fahey, J. L., 1990). This effect was
independent of both the percentage of NK and NK surface receptor density. Others have reported that
posttra.umatic stress disorder (Maes, M., Smith, R., & Scharpe, S., 1995) and academic exam stress
(Marshall, G. D., Jr., Agarwal, S. K., Lloyd, C., Cohen, L., Henninger, E. M., & Morris, G. J., 1998) also
lead to cytokine dysregulation. Moreover, stress reduction interventions modulate NKCA and cytokine
responsiveness (Esterling, B. A., Kiecolt-Glaser, J. K., Bodnar, J. C., & Glaser, R., 1994), suggesting an
interactive relationship between stress and NK function that may be mediated in part by cytokines
(Esterling, B. A., Kiecolt-Glaser, J. K., & Glaser, R., 1996). Cytokine dysregulation in response to stress
is believed to be triggered by an increase in adrenal cortisol secretion and a decrease in adrenal DHEA
and DHEAS secretion (Schwartz, M. D., Lerman, C., Miller, S. M., Daly, M., & Masny, A., 1995).
During stress, adrenal steroid hormone metabolism shifts such that DHEA/DHEAS production decreases
and cortisol increases (Regelson, W., Loria, R., & Kalimi, M., 1994). This shift in adrenal steroid
hormone profile is recognized as having an important immunomodulatory effect, which by altering
Th1/Th2 cytokine balance, leads to decreased production of IFN y (a Thl cytokine) and enhanced
production of IL-4 (a Th2 cytokine) (Agarwal, S. K. & Marshall Jr., G. D., 2001). Such a change in
cytokine balance, characterized by low levels of IFN y, can depress NK cell function (Targan, S. &
Dorey, F., 1980). The purpose of this study was to investigate the experience of breast biopsy for breast
cancer diagnosis, as a human paradigm in which coherent links between a woman's psychological and
immunological states could be evaluated. Psychological stress and components of the immune response
were measured before and after breast biopsy and compared to a group of control women not undergoing

breast biopsy.



METHODS

Subjects and Procedure

Women (N=48) were enrolled from the Breast Care Center of a large University based Cancer Center.
Womerhl were studied at pre-biopsy and at post-biopsy. At pre-biopsy women were evaluated at the time of
initial consultation at the Breast Care Center, when they learned that a breast biopsy was needed. This was
typically 5-10 days prior to the actual biopsy procedure. Post biopsy data was collected 7-14 days after the
woman learned the results of her biopsy. At each time period the participants had their blood drawn (24 ml)
by venipuncture and completed the psychological measures as well as a health history questionnaire. Data

collection took approximately 30 minutes.

Women who were recommended for breast biopsy (excluding fine needle aspirates) were eligible subjects.
Only women with benign biopsy results are included in this report. Exclusionary criteria included:
pregnancy, recent history of major psychiatric disorder, concurrent major immune-based disease, and active
substance abuse. Women within S years of a cancer diagnosis were also excluded. Women in the biopsy
group had a mean age of 53.1+ years, with a range of 18-85 years of age. A group of control women , not
undergoing breast biopsy were enrolled from the University campus. Similar exclusionary criteria were
applied to these women. A total of 47 women served as control subjects, with a mean age of 42.6+ years
(range = 24-61 years). Data was collected from the control women at one time period only. This study was
approved by the Loyola University Medical Center Institutional Review Board for the Study of Human

Subjects and informed consent was obtained at the initial data collection period.

Psychological Measures

For the purposes of this study the psychological stress of breast biopsy was conceptualized as an external




event that is appraised and perceived as a threat to the individual’s well-being and leads to feelings of
anxiety and mood disturbance. With this in mind, the psychological assessment of women experiencing
breast biopsy included measurement of perceived stress (Perceived Stress Scale and a Visual Analogue

Scale), anxiety (State-Trait Anxiety Inventory), and mood state (Profile of Mood States).

Perceived Stress Scale (PSS). The PSS is a 10-item scale that is widely used as a general appraisal
index of stress (Monroe, S. & Kelley, J., 1995). It measures the degree to which experiences are
appraised as uncontrollable. Internal consistency is good with coefficient alphas ranging from 0.75-0.86.

Test-retest reliability has been reported to be 0.85 (Cohen, S. & Williamson, G. M., 1988).

Profile of Mood States (POMS). The POMS is a 65-item measure designed to identify and assess general
distress/mood. A total mood score and six sub-scores for mood were obtained. The subscores were
tension, depression, anger, vigor, fatigue, and confusion. Internal consistency alphas range from 0.87 -
0.95, and stability coefficients (test-retest) are 0.65 -0.74 (McNair, D. M., Lorr, M., & Droppleman, L.

F., 1992).

Spielberger State-Trait Anxiety Inventory (STAI). The STAT is a 40-item self-report measure of state and
trait anxiety. Only the state anxiety inventory was used in this study. The STAI has alpha reliability
coefficients of 0.83-0.92 and convergent validity with other anxiety tools (alpha =0.75-0.80)
(Spielberger, C. D., Gorsuch, R. C., & Lushene, R. E., 1970). The STAI has been used to discriminate
anxiety in women with benign versus malignant breast biopsy findings (Sachs, G., Rasoul-Rockenschaub,

S., Aschauer, H., Spiess, K., Gober, I, Staffen, A., & Zielinski, C., 1995).

Stress Visual Analogue Scale (VAS). The Stress VAS consists of a straight horizontal line 10.0 cm in




length, anchored on each end by labels indicating extreme limits of stress. The subject indicated the
intensity of their stress by marking the appropriate place on the line that corresponded to their perception
of stress. It has been positively correlated with both the STAI and the PSS, providing evidence of

criterion validity (Cella, D. F. & Perry, S. W., 1986).

Immune Measures

Isolation of Peripheral Blood Mononuclear Cells. Blood was collected in sterile heparinized tubes and
processed immediately. Heparinized peripheral blood was overlaid onto Ficoll/Hypaque and centrifuged
at 1000 x g for 20 min. The peripheral blood mononuclear cells (PBMC) at the interface were washed
twice with Hank's Balanced Salt Solution (HBSS) prior to assessment of NKCA, NK phenotype, or
cytokine production. Phenotypic analysis was as described previously (Nagabhushan, M., Mathews, H.

L., & Witek-Janusek, L., 2001).

Natural Killer Cell Activity. K562 tumor cells maintained in vitro were washed once in RPMI 1640
(GIBCO, Laboratories Grand Island, NY), pelleted by centrifugation at 500 x g for 10 min, and
resuspended in approximately 0.1 ml of culture medium. 100 pCi of [*'Cr] (New England Nuclear,
Boston, MA) was added to 1 x 10 cells in a final volume of 0.2 ml. The cells were incubated at 37°C
with 5% CO, for 1 hr with agitation every 10 min. These procedures are as described previously (Beno,
D. W., Stover, A. G., & Mathews, H. L., 1995). The cells were washed 4 times in HBSS, resuspended to
5 x 10° cells/ml in RPMI 1640 (GIBCO, Laboratories Grand Island, NY), and 0.01 ml (5 x 10°) aliquoted
to each well of a 96 well, round bottom assay plate (Corning Glass Works, Corning, NY). Radiolabeled
cells were incubated for 4 hr with PBMC. Following incubation the supernatants were removed using a
Skatron harvesting press (Skatron Inc., Sterling, VA) and the associated radioactivity was determined.

Maximum release was obtained by adding 0.05% Nonident P40 (Sigma Chemical Co., St. Louis, MO).



Results are expressed as % cytotoxicity and calculated by the formula:

% Cytotoxicity = (experimental DPM*) - (minimum DPM) X 100.

(maximum DPM) - ( minimum DPM)

All experimental means were calculated from triplicate values. Lytic units (LU) were calculated by a
program written by David Coggins, FCRC, Frederick, MD and represents the number of cells per 10’

effectors required to achieve 20% lysis of the targets. *DPM=disintegrations per minute.

Tumor Cell Line. The K562 tumor cells were obtained from the American Type Culture Collection,
Rockville, MD. K562 cells were maintained in suspension cultures iz vitro in Corning 25 cm’ tissue
culture flasks (Corning Glass Works, Corning, NY) in RPMI 1640 (GIBCO, Grand Island, NY)
supplemented with 10% fetal bovine serum (FBS) low LPS; (GIBCO, Grand Island, NY), 100 units/ml
penicillin, 100 ug/ml streptomycin (Whittaker M. A. Bioproducts, Walkersville, MD), 0.1 mM non-

essential amino acids, and 2 mM L glutamine (GIBCO, Grand Island, NY).

Evaluation of PBMC for Cytokine Production. Cytokines were measured under optimal conditions in
bulk PBMC culture supernatant fluids as described previously (Witek-Janusek, L. & Mathews, H., 1999).
PBMC (1 X 10° cells/ml) were cultured with and without PMA/PHA (PMA @ 20 ng/well; PHA @
0.05%/well) in 24 well plates for 48 hr at 37° C. Aliquots of the culture supernatants were stored at -70°

C for subsequent cytokine analysis.

Cytokine Measurement (ELIS4). All cytokines were measured using quantitative sandwich enzyme



immunoassay techniques (Quantikine kits, R & D Systems). Sensitivities for cytokines were; IL-2 <7

pg/ml, IL-6 <0.7 pg/ml, IFN y <3 pg/ml, IL-10 < 2 pg/ml, and IL-4 < 4.1 pg/ml).

Statistical Analysis —All data is expressed as means with the standard error of the mean (SEM).
Differences between biopsy and control groups were determined by independent student t-tests; paired t-
tests were used to determine differences from pre to post biopsy. A two-sided alpha of 0.05 was set for
statistical significance. The Statistical Package for Social Sciences (SPSS: version 9.0) was used for

data analysis.
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RESULTS
Psychological Assessments

In thi-s study both the psychological and immunological response to the experience of breast biopsy have
been evaluated. To avoid the potential confounding effects of malignancy upon the immunological data, the
results are presented only for women who were found to have no malignancy. In Figure 1. levels of
psychological stress, as measured by the VAS and the PSS, are illustrated for the pre and post biopsy
groups, as well as for that of non-biopsied, control women. The results indicate that pre biopsy was a time
of heightened stress. Both the VAS and the PSS were elevated in the biopsy group relative to control
women. In the case of the VAS, women réponed stress to be relieved post biopsy with the results not
differing from control women. Although there was a decrease in the post-biopsy PSS levels, it was not
significant. PSS levels, at post-biopsy, remained similar to that reported pre biopsy and significantly greater
than that reported by women in the control group. Similar results to those of the PSS were obtained by
assessing mood state using the POMS and state anxiety using the STAI. The POMS total mood disturbance
score (TMD) and the STAI were significantly elevated pre biopsy compared to control, non-biopsied,
women, Figure 2. Although a reduction in both TMD and STAI occurred from pre to post biopsy, post-
biopsy levels of both TMD and STAI remained significantly greater than that observed in the control
women. As expected, no pre to post biopsy differences were observed in trait anxiety as measured by the
STAI Data not shown. These results show that the PSS, POMS, and STAI tools detected significant stress
associated with the experience of biopsy that lasted beyond the actual biopsy procedure and beyond the time

that the women learned of their biopsy results.

The POMS is comprised of 6 subscales and these results are presented in Figure 3. Each of these
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subscales showed that pre biopsy, women experienced significantly more tension, depression, anger,
fatigue, and confusion than did control women. For each of these subscales, post biopsy values were not
significantly different from control women. At both the pre and post biopsy time periods women showed
significantly reduced vigor compared to control women. Levels of vigor did not differ in women between

pre and post biopsy time periods.
Immunological Assessments

PBMC were evaluated for the production of Th1, Th2, and proinflammatory cytokines, as well as for
NKCA. In Figure 4, the comparative production of IL-2, IL-6, and IFN y is presented. The production of
IL-2 was unchanged from pre to post biopsy and was similar to that of control subjects. IFN Y production
was numerically reduced pre and post biopsy, when compared to production by control subjects. The
reduction was significant at both the pre and post biopsy time periods. In contrast, the production of IL-6
was significantly greater from PBMC of women at both the pre and post biopsy time periods when
compared to that of control women. Although IL-6 decreased from pre to post biopsy, this reduction was
not significant. Much like IL-6, the amount of produced IL-4 and IL-10 was significantly increased prior
to biopsy, when compared to control values. See Table 1. Post biopsy, IL-4 levels were not significantly
different from control values, while IL-10 production remained significantly elevated compared to
control production of the cytokine. No significant difference was observed pre to post biopsy for IL-10
production. No cytokines were detected in the serum of representative control or biopsy subjects. Data not

shown.

NKCA for the PBMC of women pre and post breast biopsy is illustrated in Figure 5. In comparison to

non-biopsied control women, NKCA was significantly reduced for both the pre and post biopsy time
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periods when compared to NKCA of women in the control group. Phenotypic analysis for circulating NK
cells showed no differences between normal control subjects and either pre or post biopsy patients. See

Table 2.
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DISCUSSION

Suspicious breast findings that indicate the need for a breast biopsy herald the onset of an emotional
experience that is often accompanied by uncertainty and fear of a cancer diagnosis (Benedict, S.,
Williar;ls, R.D., & Baron, P. L., 1994; Northouse, L. L., Jeffs, M., Cracchiolo-Caraway, A., Lampman,
L., & Dorris, G., 1995; Deane, K. A. & Degner, L. F., 1998). For most women, the unfolding of this
emotional scenario occurs over a period of weeks, from the time of discovery of questionable breast
findings, through the scheduling and conduct of the biopsy, and finally till the time that biopsy results are
learned. This emotional experience presents a unique opportunity to understand the psycho-immune
dynamics of a potentially threatening event. In this study women were evaluated at the time that they
were informed a biopsy was necessary (pre biopsy) and again 1-2 weeks after they had learned the result
of their biopsy (post biopsy). The results definitively show that the anticipation of breast biopsy and the
possibility of a cancer diagnosis lead to a psychological state marked by heightened perceived stress,
elevated state anxiety, and considerably more mood disturbance than that of control women not
experiencing breast biopsy. Others have reported that breast biopsy is accompanied by emotional
distress, uncertainty and anxiety. However, most of these studies either used a retrospective approach
and/or did not assess the pre-post dynamics of the breast biopsy experience (Hughson, A. V., Cooper, A.
F., McArdle, C. S., & Smith, D. C., 1988; Benedict, S., Williams, R. D., & Baron, P. L., 1994;
Northouse, L. L., Jeffs, M., Cracchiolo-Caraway, A., Lampman, L., & Dorris, G., 1995; Deane, K. A. &
Degner, L. F., 1998). The design of this study and the psychoneuroimmunologic approach provide

valuable insights about women and their response to a threatening event.

The marked elevations in the levels of state anxiety reported by women at pre biopsy underscore the
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emotional intensity that an impending breast biopsy evokes. Although state anxiety decreased from pre to
post biopsy, the heightened level of anxiety extended post biopsy and remained significantly higher than
that reported by control women. Similarly, perceived stress as measured by the PSS, was not only
significantly increased at the pre biopsy time period, but also remained elevated at post biopsy compared to
the con‘trol women. Moreover, the results of this study clearly show that the stress of an approaching breast
biopsy is also accompanied by significant mood disturbance. A pattern similar to that observed for anxiety
and perceived stress was seen for total mood disturbance. However, even though total mood disturbance
significantly decreased from pre to post biopsy, women continued to report higher levels of mood
disturbance at post biopsy compared to control women. This occurred despite the knowledge that their
breast biopsy revealed benign findings. An examination of the subscales of mood measured by the POMS
revealed that all negative mood states contributed to the total mood disturbance reported by women pre
biopsy. Interestingly, vigor was significantly less at pre biopsy than that reported by control women and
remained lower at post biopsy than that of control women. Vigor is a multi-dimensional concept with
physical and psychological dimensions, and as such, women may report lower levels of vigor consequent to
the presence of anxiety, tension, and depression. The persistence of elevated anxiety, heightened perceived
stress, and increased mood disturbance post biopsy was unexpected, especially since these women were
aware that the result of their biopsy was benign. Although the design of this study does not permit an
understanding of the impetus for the persistence of this stress response, the results suggest that these women

have not completely resolved the psychological impact of the biopsy experience.

To our knowledge, no other study has used a psychoneuroimmunologic framework to evaluate the effect
of the stress of breast biopsy on NKCA and cytokine production. Thl, Th2, and proinflammatory
cytokine production fell into three distinct categories for the women in the breast biopsy group.

Production either remained unchanged (IL-2), showed an increase compared to control subjects (IL-4, IL-
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6, and IL-10), or alternatively showed a reduction when compared to control subjects (IFN Y). IL-2 has
been characterized as a Th1 cytokine and falls into the first category. Its' production by PBMC was
unchanged from pre to post biopsy and was approximately the same as that of control subjects. IL-6 is a
pro-inflammatory cytokine that falls into the second category. Its' production by immune cells from
biopsit;d women was greater than control subjects with increased levels of production, pre and post
biopsy. Similarly, production of the Th2 cytokines, IL-4 and IL-10, was increased in the biopsy group
compared to control women. Production of IFN Y, a Th1 cytokine, was less than that of the control
group. In a similar manner NKCA was also reduced in the biopsy group compared to the control group
of women. Women entered into the study were all aware that breast biopsy was impending and as
described above, experienced psychological stress and mood disturbance pre biopsy. The impact of
psychological stress upon NKCA appeared early (pre biopsy) and, similar to the psychological stress,
continued into the post biopsy period. The pre and post biopsy time point showed a significant
diminution in mean NKCA compared to control women. Because the reduction in NKCA was not
accompanied by a change in the number of circulating NK cells, these data clearly suggest that the
observed reduction in NKCA is a consequence of reduced NKCA and not a reduction in NK cell number.
It is noteworthy, that despite knowing that their biopsy findings were benign, mood, anxiety, and
perceived stress of the biopsied women did not return to the levels reported by non-biopsied women.
Therefore, it is likely that these women, as a group, continued to experience psychological distress,

which had effects upon the immune system as judged by reduced NKCA and IFNy production.

IL-2 is known to increase NKCA and NK cell proliferation (London, L., Perussia, B., & Trinchieri, G.,
1986) and IFN y is known to enhance NK cell cytotoxicity (Vose, B. M., Riccardi, C., Bonnard, G. D, &
Herberman, R. B., 1983). It is clear from the data that NKCA is decreased in the women undergoing breast

biopsy, while IL-2 production remained the same as that observed in control women, suggesting that the
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subjects had the capacity to produce IL-2 but this capacity did not impact NKCA. However, IL-2 also
stimulates lymphocytes to secrete cytokines, including IFN y (Oppenheim, J. J., Ruscetti, F. W., & Faltynek,
C., 1994). Increased levels of IFN y are known to increase NKCA, resulting in more efficient lysis of target
cells and enhanced recruitment of pre-NK (Targan, S. & Dorey, F., 1980). The production of IFN y is
decreased in these women and may relate to the observed reductions in NKCA. Stress can down-regulate
NKCA and modulate IFN y and IL-2 synthesis (Levy, S., Herberman, R,, Lippman, M., & d'Angelo, T.,
1987). Heightened levels of stress are related to decreased synthesis of IFN y by lymphocytes from healthy
subjects (Glaser, R., Rice, J., Speicher, C. E., Stout, J. C., & Kiecolt-Glaser, J. K., 1986). A poorer NK
response to IFN y and IL-2 was observed in stressed individuals compared to non-stressed individuals
(Fawzy, F. I, Kemeny, M. E., Fawzy, N. W., Elashoff, R., Morton, D., Cousins, N., & Fahey, J. L., 1990).
Stress reduction interventions modulate NKCA and cytokine synthesis (Esterling, B. A., Kiecolt-Glaser, J.
K., Bodnar, J. C., & Glaser, R., 1994) suggesting that the link between stress and NK function that may be
mediated, in part, by cytokines (Esterling, B. A., Kiecolt-Glaser, J. K., & Glaser, R., 1996). Persons
experiencing chronic stress have a more activated HPA axis compared to non-stressed individuals,
demonstrable as chronically elevated levels of cortisol and catecholamines (McCarty, R., Horwatt, K., &
Konarska, M., 1988). This chronic activation may lead to greater concentrations of HPA products in
lymphoid sites where NK cells reside and functional NKCA may be reduced. Alternatively, chronically
activated NK cells may be less capable of stimulation to an effective anti-tumor state. Hence, stress
activation of the HPA may down regulate NKCA by altering cytokine balance (e.g., decreased IFN y) and or
responsiveness of NK cells to cytokines. It is noteworthy, that stressed-induced changes in cortisol and in
DHEA can shift the T-helper balance to a Th2 response, which would not support NKCA (Daynes, R. A.,
Dudley, D. J., & Araneo, B. A., 1990; Regelson, W., Loria, R., & Kalimi, M., 1994). This shift in adrenal
steroid hormone profile can have an important effect by aitering Th1/Th2 cytokine balance. Hence, it has

been hypothesized that stress-induced changes in adrenal hormone secretion drive a switch froma Thl to a
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Th2 response. Such a change in cytokine balance, characterized by low levels of IFN y and IL-2, can
depress NK cell function (Targan, S. & Dorey, F., 1980). The data described herein does not fully support
this concept in that one Thl cytokine, IFN y, was reduced concomitant with reductions in NKCA. The
findings presented are surprising in that the production of IL-2 does not change, while the production of

IFN y is diminished throughout the entire time period of assessment for the biopsied women.

An alternative explanation for the cytokine data is possible. Lymphocytes and the cytokines they
produce can be placed into naive, central memory, or effector memory subsets (Sallusto, F., Lenig, D.,
Forster, R., Lipp, M., & Lanzavecchia, A., 1999). Naive and central memory lymphocytes primarily
produce IL-2 upon short-term stimulation (e.g. the 48 hr period employed in this study). In contrast, and
under similar conditions, effector memory lymphocytes produce IFN vy, IL-4, and IL-10. It is possible
that the effect of the stress of breast biopsy is primarily upon lymphocytes that are capable of immediate
production of these effector cytokines. Specifically, the capacity of effector memory lymphocytes to
elaborate their cytokines may be markedly affected by the experience of breast biopsy. No effect was
observed upon IL-2 production, which is produced either by naive or central memory lymphocytes. This
interpretation is consistent with the data presented herein and it could be that a 48-hr period of culture
provides for an analysis of only those lymphocytes capable of producing cytokines quickly. Finally, it is
also possible that in an antigen non-specific stimulation system (PMA/PHA employed in this study),
available IL-2 is consumed by the activated lymphocyte populations. This alternative explanation cannot

be ruled out at this time and investigations are underway to consider this possibility.

With regard to IL-6, this cytokine is produced by a variety of cell populations and is associated with
inflammatory events. The data described herein show that IL-6 is markedly increased in its production

during the assessed time periods. The significance of this observation remains unknown but is consistent
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with the previously demonstrated elevation in this cytokine during periods of stress (Maes, M., Smith, R.,
& Scharpe, S., 1995; Watkins, L. R., Nguyen, K. T., Lee, J. E., & Maier, S. F., 1999). Much like IL-6, IL-
4 and IL-10 were significantly increased in the biopsied women compared to the non-biopsied control
women. This increase in IL-4 and IL-10 is similar to other reports that have demonstrated stress-
associz;ted shifts in Th1/Th2 cytokine balance toward a Th2 type of response (Marshall, G. D., Jr.,
Agarwal, S. K., Lloyd, C., Cohen, L., Henninger, E. M., & Morris, G. J., 1998). The most dominant
factor in the regulations of the Th1/Th2 cytokine balance is the cytokine milieu of the immune response.
IFN y promotes the development of Th1 responses and inhibit Th2 responses (Maggi, E., Parronchi, P.,
Manetti, R., Simonelli, C., Piccinni, M. P., Rugiu, F. S., De Carli, M., Ricci, M., & Romagnani, S., 1992;
Manetti, R., Parronchi, P., Giudizi, M. G., Piccinni, M. P., Maggi, E., Trinchieri, G., & Romagnani, S.,
1993). In contrast, IL-4 promotes the development of a Th2 response and IL-4 and IL-10 inhibit the
development of a Thl response (Parronchi, P., De Carli, M., Manetti, R., Simonellj, C,, Sampognaro, S.,
Piccinni, M. P., Macchia, D., Maggi, E., Del Prete, G., & Romagnani, S., 1992; Manetti, R., Parronchi,
P., Giudizi, M. G., Piccinni, M. P., Maggi, E., Trinchieri, G., & Romagnani, S., 1993; Rennick, D.,
Hunte, B., Holland, G., & Thompson-Snipes, L., 1995). Our data are consistent with the concept that a
Th2 response is a default pathway, occurring in the absence of a Th1 response, when the production of
IFN v is reduced (Agarwal, S. K. & Marshall Jr., G. D., 2001). These conditions could permit the
increased production of Th2 cytokines resulting in further inhibition of Th1 responses and possibly

NKCA.

These results provide evidence that the psychological stress of breast biopsy for cancer diagnosis, leads
to prolonged periods of perceived stress, anxiety, and mood disturbance that are conceivably associated
with depressed NKCA and an altered pattern of cytokine production. It appears that stress-induced

alterations in the immune system are not transient but persist beyond the acute experience of breast
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biopsy. This may be of particular relevance to women diagnosed with malignancy since they will be
facing additional stressors related to cancer diagnosis and its associated treatment. Anderson et al
(Andersen, B. L., Farrar, W. B., Golden-Kreutz, D., Kutz, L. A., MacCallum, R., Courtney, M. E,&
Glaser, R., 1998) studied women with breast cancer who had recovered from the acute effects of their
breast ;>ancer surgery, but had not yet begun either chemo- or radiotherapy. They found that perceived
stress predicted lower NKCA and responsiveness to IFN-y in these women with breast cancer. The
results reported herein provide evidence that stress-induced immune-dysregulation begins even earlier in

the course of the breast cancer experience, at the time of impending breast biopsy.
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Table 1

Production of Th2 Cytokines.

Cytokine Pre biopsy N Post biopsy n Normal n
' Controls
IL-4 0.26+0.04° 58 0.22+0.03 58 0.14+0.03 18
IL-10 4.75£0.74"° 61 4.78+1.01° 56 1.32+0.18 28
Values represent mean + S.E. in ng/ml of culture supernatant. Statistical comparison between
experimental mean and control; *=p <0.05, *=p<0.01.
Table 2
Phenotypic analysis of PBMC.
Phenotype Pre biopsy N Post biopsy n Normal n
Controls
CD56+ 7.03+1.10 27 6.91+1.22 22 4.70+2.09 8
CD16+ 6.18+0.46 27 6.85+0.65 22 5.79+1.05 8
CD56/16+ 6.06+0.61 27 5.69+0.54 22 5.55+1.17 8
CD56/16+ & 13.09+1.56 27 12.60+1.60 22 10.25+2.97 8
CDS56+

Values represent mean + S.E.
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FIGURE LEGENDS

Figure 1. Psychological measures of perceived stress and of stress are depicted pre biopsy, post biopsy,
and for non-biopsied, control women. Perceived stress was measured using Cohen’s Perceived Stressor
Scale (fSS). Stress pre and post breast biopsy was measured by use of 10 cm visual analogue scales that
determined global stress (VAS). Bars represent the mean values + S.E. The numbers of subjects (N) in
each group were: PSS pre=48, PSS post=45, VAS pre=48,VAS post=39, Control PSS= 45, Control
VAS=25. Statistical comparisons are presented as follows for Figures 1 - 5. Statistical comparison

between biopsied experimental mean values and normal control values; *=p <0.05, *=p<0.01, *=p <0.001.

Statistical comparison pre to post for biopsied, non-malignant, women; 9=p <0.05, *=p <0.01, f=p <0.001.

Figure 2. Psychological measures of mood state and anxiety are depicted pre biopsy, post biopsy, and for
non-biopsied, control women. Mood state was measured using the Profile of Mood States (POMS) and
the total mood disturbance (TMD) is depicted. Anxiety was measured using Spielberger’s State Anxiety
Inventory (STAI). Bars represent the mean values + S.E. N for; POMS-TMD pre=46, POMS-TMD
post=46, Anxiety pre=48, Anxiety post=45, Control POMS-TMD=46, Control Anxiety=25. Statistical
comparison between experimental mean and control; *=p <0.05, *=p<0.01, °=p <0.001. Statistical

comparison pre to post; *=p <0.05, “=p <0.01, =p <0.001.

Figure 3. The subscales of the POMS are depicted pre biopsy, post biopsy, and for non-biopsied, control
women. N for; POMS-T pre=46, POMS-T post=45, POMS-D pre=46, POMS-D post=43, POMS-A pre=
46, POMS-A post=45, POMS-V pre=46, POMS-V post=45, POMS-F pre=46, POMS-F post=45, POMS-

C pre=46, POMS-C post=45, POMS-T Control=46, POMS-D Control=46, POMS-A Control=46, POMS-
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V Control=46, POMS-F Control=46, POMS-F Control=46, POMS-C Control=46. Results for the vigor
sub scale are presented as -(mean) for ease of presentation. Statistical comparison between experimental
mean and control; *=p <0.05, b=p<0.01, °=p <0.001. Statistical comparison pre to post; d=p <0.05, *=p

<0.01, "=p <0.001.

Figure 4. PBMC production of IL-2, IFN y, and IL-6 are depicted for prebiopsy, post biopsy, and for
non-biopsied control women. Peripheral blood was collected pre and post breast biopsy and from control
women. PBMC were activated with PMA/PHA and culture supernatants were collected at 48 hr.
Cytokine concentration was determined by ELISA. N for; IL-2 pre=36, IL-2 post=30, IL-6 pre=41, IL-6
post=38, INF y pre=42, INF y post=37, IL-2 Control=19, IL-6 Control=26, INF y Control=21. Statistical
comparison between experimental mean and control; *=p <0.05, "=p<0.01, *=p <0.001. Statistical

comparison pre to post; =p <0.05, “=p <0.01, f=p <0.001.

Figure 5. NKCA, expressed as lytic units at 20%, is illustrated for pre-biopsy, post biopsy, and non-
biopsied control women. Peripheral blood was collected pre and post breast biopsy and from control
women. NKCA was measured using K562 tumor cells as the target. N for; NKCA pre=47, NKCA
post=48, NKCA Control=13. Statistical comparison between experimental mean and control; *=p <0.05,

b=p<0.01, °=p <0.001. Statistical comparison pre to post; =p <0.05, °=p <0.01, f=p <0.001.
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